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̲ðɟ"FǜȦɷDG-F (Scheme 1.1, left) <(êőɕŀʞAêőɕʽʞ2CFɏɬF5Û
ĄŔɬ1̯Ą2CEɉʞ−ȟʞʦğ2Ť  u[JŧÞ"FǜȦ@Ěâɬ̯ĄȦ4µ˚Æ.F









Scheme 1.1. Traditional oxidation method vs. modern oxidation method using O2 or H2O2 




(Scheme 1.2, a, b) <(ǹ¸Aļ̈2C+-Û5Ĺʐ̹˜JƆ̉"(? GJaT̹ŏö/































































































 Æ62008 ſ Reddy D5Mnxp/M2Ť -4PĄɓ/̢̯ĄɓJðɟ"FʙJ̦
ɟ"F/2CE̯ Ąɬ2MpJğƧ.F/Jˣé -F (Scheme 2.1) 12b <(Ġȋ2Rb
m84Ņǅ@ěʷ.F12c MnxpʉȞ̯Ą2CET̯8/ŅǅGA"/5ĥɷ
4/.FGD4Æ.5&4C1÷ĕƜJ̉"/1̨Ʋɬ2MpF5Rbm
8/Ņǅ -FG5Pʞ/̢̯ĄɓJðɟ"Fʙ4×G(řʷļ̨ƲƟJɾĪ -F 
 
Scheme 2.1. Oxidative amination using iodide/peroxide catalysis 
 <(ǶĕƜʙ5 sp3 C
H ʦğ4̯Ąɬ1Ņǅ2@̦ɟěʷ.F2011 ſɹďD5PĄɓ˨Ő/ 
TBHP Jðɟ"F/2CETr4	¼J̨Ʋɬ2̯Ą TV`ļJ´þ$F/
.êőãF5êő̺M`V`ĄJ̉"/2Ƨý ( (Scheme 2.2) 12d 
I – or I2
oxidant
oxidant = H2O2, TBHP, mCPBA, Oxone, etc.
IO– + IO2– + IO3– eq. 2.1
cat. KI
TBHP
H2O, 80 ºCR1 H
O










Scheme 2.2. Intra or intermolecular oxidative acyloxylation using the iodine catalysis 
 D2ĠɺʈY}5Pʞ/̢̯Ąɓ4ʙo\{QͦyhEͧô͡À4ǙğƧ2






Scheme 2.3. Enantioselective cyclization using a chiral iodide catalyst 
 <(¹˓D5êőɕPʞ/̢̯ĄɓJðɟ"F/.moxpOfVtJ̋Ŀ/"Fʹ
ȟʞĺ sp3 C
C ʦğƊƧĕƜJ̣Ƨ ľĤ -F (Scheme 2.4) 12e 
 







˵ŧÀJ̯Ą.F (Scheme 2.5) 13   ͣȺ,ƈ̯Ɵǹ¸/+(CE̢̮1ĕƜǹ¸ƛ͗
cat. Bu4NI
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Scheme 2.5. Oxidative cyclization and functionalization using halogen sources with peroxides 
 &.CEƈü,řʷļˮşƟ4ͣĕƜJ̣Ƨ"9Ǳȑ̊ďőÉPʞ˱˒Jðɟ"FǜȦ







 ̊ďőÉPʞ˱˒Jðɟ"F̯Ą4µ˚Æ/ - 2-pV`Ŗơ̯͠ (IBX) / Dess
Martin 
aq (DMP) 2CFM\͛4̯ĄJʢ²"F (Scheme 2.6) 14 Ġ! 1,2-aSJļ̈
2 -F×É4 IBX /¬É4 DMP /.ƕDGFɝƧɓɥ1+-E̊ ďőÉPʞĄğɓ
4̨ƲƟ4ͣJɾ"ŎÆ)/˩F 
 
Scheme 2.6. Traditional oxidation process using hypervalent iodine compounds 
 <(ô̘4ʶǪD mCPBA A Oxone 104̢̯ĄɓœĶ̊ďőÉPʞJ˨Őɬ2ɝƧ ĕ
Ɯ2ɟFƬȦ̹ɩG-FÆ62005 ſąD15a ˊğD4ɺʈY} 15b 2CEï2
̊ďőÉPʞĄğɓJ˨Őɬ2ɩɝ$̯ĄɬTk}YJ̉"ǜȦľĤG( (Scheme 2.7) 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Ň4Ŀğ25̊ďőÉPʞ˱˒Jǰʣ̯Ąö/
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Scheme 2.7. Oxidative coupling using aryl iodide / peroxide catalysis 
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4C1ʶǪD̊ďőÉPʞĄğɓA̢̯ĄɓCE@ŖŚ1u[Ƚ/ÛJðɟ ̯Ą
ɬ1řʷļŧÞJ̣Ƨ"F/ǜȦ@ľĤG-F16, 17 Æ62015 ſ Muñiz D5u[Ą
M2Ť"FÛɎŦ2CEƆ̉GFĚâɬ1MtĄĕƜ.F Hofmann
Löffler ĕƜJx
o2 N-pbX`Op (NIS) Jɟ(êőã̯ĄɬMtĄĕƜJˣé ľĤ ( (Scheme 











F5MaaT2CEȪƟ1ɉʞ−ȟʞʦğJȪƟĄ"F/@4.F (Scheme 2.9, eq. 
1)   1DğƧ2Ƭ̺4F N-u[ĄMp˱˒JĄŔ̲˺̲¶ɟFƛˢF(
?ƃȅɓAĕƜ\bo4Ɋ.ǐĬ4ÂĸF<(ŀĄqoPJ Oxone .̯Ą Û2C+-
MTJŀʞĄ"FǜȦ̗ſ21+-ľĤG(Èɍ/ -ĕƜ̨ƲƟ2˸͚ˣDGF2
āȀɬ1ĕƜƟJƕF(?25 Oxone 2Ť -̢ø̲4ŀʞȽC7ļ̈ƛˢ.F (Scheme 2.9, 




2005, Kita et al.

































Scheme 2.9. C−H halogenation using halogen sources and visible light 
 ǜ.¹˓D5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19 Æ6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/41řʷļˮşƟ4ͣ̯ĄƬȦ.F19a   <)̦ɟ.FĕƜ4˹ȁ5
Ĉê.14ĕƜʙJðɟ (Ǜ ̯ĄȦ4̹ɩǴƐGF 
 


















2014, Alexanian et al.













 ǜǱȑêőÛ˨Ő@<(×G(̯ĄʷJƹ,˨Ő/ -ȨɱJ͉?-F20, 21 Æ6ʁ¾
ŉ¤ÍD2CE̹ɩG(`jMXarP˨Ő (Mes−Acr+) 5͎ ő˿Ţ1MAS{N
.G6şǤ2̯Ą.FʷüJǱ GJðɟ (V`4Û̯ʞ̯ĄĕƜ@ľĤG-F 
(Scheme 2.11) 20a 
 
Scheme 2.11. Aerobic photooxidation of xylene using acridinium catalyst 
 ̗ſ.54MXarP˨ŐJðɟ"FMZAM4ͣƂ1̯ĄɬřʷļĄ̣Ƨ
G-F20b–d Æ6MZ4Mj\{r\{ĺřʷļĄAɉʞ−ɉʞʦğƊƧF5M
4`MtĄĕƜ10.F (Scheme 2.12) 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2014, Nicewicz et al.
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X = O, CO2, NTs



































 <(ƨ4̗̏2œĶ"F̯ʞ5×̰͕ɕƥ (3O2) ļƁɕƥ.FG2RsWJ
DG(̰͕̯ʞ (1O2) 5×̰͕̯ʞCE@ĕƜƟͣ/ɷDG-F˂2̰͕̯ʞ5ʠ
ņÛ2CEɝƧěʷ.Fj|4C1˄ʞʙě˥ÛŃƤöD4RsWʄĂ2C
E̰͕̯ʞJɝƧ$ĕƜ2ɟFʖÊ1ƬȦľĤG-F (Scheme 2.13) 20e 
 
Scheme 2.13. Aerobic photooxidation of boronic acids using singlet oxygen 
 <(ôʓ.̘9(̊ďőÉPʞ˱˒JÛ˨Ő/ -ðɟ MnxpD̯Ąɬ2M`aT
Jɩɝ$ɉʞ−ɉʞʦğƊƧĕƜJ˗ƬȦ@̹ɩG-F (Scheme 2.14) 20f 
 
Scheme 2.14. C−C bond formation via acyl radical addition using a hypervalent iodine catalyst 
 D2êőɕ̯ʞ2CF̯Ą).1ʹêőɕȟʞĺɉʞ−ɉʞʦğƊƧĕƜ@̫4ļ̈.̣Ƨ




















visible lightO cat. PhI(OCOAr)2+
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R3 EWG


























ˣé -EGJƜɟ (Ǜˤ̯ĄɬʊʞŧÞĕƜ@̣Ƨ -F (Scheme 2.16) 22 
 








4ɘɕ2FðɊ/ȒɊJǖɚ - (Figure 2.1) ʳ/@×G(ĕƜ̨ƲƟJƹ+-Fĕ
Ɯǹ¸A̦ɟƟ2-ǐĬ"9ɊˣDGF 
Figure 2.1. Advantages and disadvantages of the reactions described above 
























2011, Tada et al.
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<G-F (Figure 3.1) 23 
 
Figure 3.1. Medicinal compounds involving benzimidazole 
 GD4Î͙Ɵ4ͣğƧƬȦ/ -aM͛/Mnxp͛J̯ĄɬɛĄ"F/.cO
igJƕFǜȦɷDG-F  :/K04ǜȦ5ĄŔ̲˺̲¶4̯ĄöJƛˢ/ 
êőɕ̯ʞJǰʣ̯Ąö/ -ðɟ"FÆ5ũ1 (Scheme 3.1) 24 Æ6ŀĄ̴˨ŐœĶþɏ
"F/2CEgOigJğƧ"FƬȦAŜȺǹ¸Mh.FbTaP˨
ŐJðɟ"FğƧȦ10ľĤG-F24a, b <(ajMpͦDMFͧ/ȟ/4ȴğȿ



































ɬɛĄ"F/.Vqg͛JğƧ.F/Jˣé ".2ľĤ -F (Scheme 3.2) 26 &
.ʏʳ5cOig4ğƧ2ǶƬȦ̦ɟ.F4.51/ʲ¶4Ȇ˫2ɵƬ ( 
 


























2000, Singh et al.
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5!?2ĕƜǹ¸4ǰ̦ĄJ˗+( (Table 3.1) ˹ȁļ̈/ - 1,2-{QraM (1a) /
cMnxp (2a) Jɟȡɟ4˔ÛɈɎŦPʞȽ/ȿŐ4Ȇ˫J˗+(&4ʦȀPʞ
Ƚ5PĄYs`PȿŐ5̭̯Rjǰ̦.F/ǣD/1+( (entry 1) ǶĕƜ5̭
̯Rj¶ņ4ȈƟȿŐ¡2-@ȉ3˃Ŏ1ĕƜƟJɾ ( (entries 2–5) ½ȈƟȿŐ.F~
V^¡2-5ļ̈ȿ˧Ɵ½½Ėɗ/1+( (entry 6) D2ajMp (DMF) 
C7moxp{ (THF) ¡.5ĕƜƟˌ ½ ďǚįĖG( (entries 7, 8) G
5ȿŐʼ̏PʞȽ/ĕƜ ɱɬ4ĕƜ̠˗ 1+((?/ʲFPĄYs`P¶ņ
4PʞȽ2,-5êőɕPʞĮPĄɉʞPĄT`P2-˃Ŏ1Ėɗ.ɱɬɓ
ƕDG(PĄYs`PJ̊FʦȀ5ƕDG1+( (entries 9–11) ǜPĄjP
F5PĄqoP.5Ėɗ4½ɼ˴G( (entries 12, 13) G5PʞȽ4ȿ˧Ɵ4̤
2CF@4/ʲ-FN-pbX`Op (NIS) .@ĕƜ5̠˗ (N-aĄG








Table 3.1. Optimization of the reaction condition for the benzimidazole synthesis a 
 
entry  iodine source solvent 
yield (%) b 
3aa 4aa 
1  MgI2 EtOAc (93) 2 
2  MgI2 MeCN (86) trace 
3  MgI2 PhMe 84 trace 
4  MgI2 MeOH 72 4 
5  MgI2 CHCl3 70 3 
6  MgI2 hexane 40 trace 
7  MgI2 DMF 9 trace 
8  MgI2 THF trace 0 
9  I2 EtOAc 86 2 
10  CI4 EtOAc 85 7 
11  CaI2 EtOAc 79 trace 
12  LiI EtOAc 33 8 
13  NaI EtOAc 8 trace 
14  NIS EtOAc 49 25 
a Reaction conditions: a solution of 1a (0.15 mmol) and 2a (1.0 equiv) in solvent (3 mL) was stirred under an argon 
atmosphere for 30 min. Then it was added to iodine source (5 mol%) in solvent (2 mL), and the reaction mixture was stirred 
for 6 h at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were 
determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. Numbers 






iodine source (5 mol%)
solvent, r.t., 6 h N
N
Ph
1a 2a (1 equiv) 3aa: R = H







 ʨ-ǰ̦ĄG(ǹ¸Jɟ-ǶĕƜ4̦ɟʔĲJ˹ȁ ( (Table 3.2) ʆ4wʮǅ˅͠Ǟ
Mnxp 2 2,- 2-McOig 3 4ğƧJ˱=(/H͎őÇļȠƆļ
JǱ"F#G4Mnxp2,-@˃Ŏ1Ėɗ.ŤƜ"Fɱɬɓ 3 JƕF/2Ƨý (<(
˅͠ǞMnxp4ʮǅļ5h¼ASo¼2+-@ĕƜ̠˗"F/ê+( (3aj
3al)  
Table 3.2. Substrate scope of the benzimidazole synthesis a 
 
a Reaction conditions: a solution of 1 (0.15 mmol) and 2 (1.0 equiv) in EtOAc (3 mL) was stirred for 30 min under an argon 
atmosphere. Then it was added to MgI2 (5 mol%) in EtOAc (2 mL), and the reaction mixture was stirred for 6 h at a room 
temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. Isolated yields. b The yield was 
determined by 1H NMR analysis of the isolated mixture (31.3 mg, 3ae : 4ae : 1a = 200 : 7 : 10). c The reaction was 






EtOAc, r.t., 6 h X
N
Ar






























































3ab, 80% 3ac, 68% 3ad, 97%
3ae, 79% b 3af, 77% 3ag, 80%
3ah, 77% 3ai, 71% 3aj, 87%
3ak, 71% 3al, 91% 3ba, 90%
3ca, 75% 3da, 86% 3ea, 89%






 ǜaM 1 4ʮǅļ4Ǝ͓2,-˹ȁJ˗+(/HͣĖɗ.ŤƜ"FcOi
g 3ba
3fa J(() roļ4C2ƈ͎őȠƆƟJƹ,ļ̈.5ɛĄ4β̈́̡
˨Ő/ -CEOb̯Ɵ4ͣêőɕPʞJ 0.2 Ɖ̲ɟĕƜǧ̺4Ƅ̷J˗/.¡ʅƂ4







igJğƧ.F4.51/ʲ(aM\ (5a) Jļ̈/ -Û̯ʞ̯ĄJ˗
&4ƒ{QraM (1a) Jþ-&4<<ĕƜJʨ(ʦȀ2-{QrcOig 
(3aa) J 93% 4Ėɗ.ƕF/2Ƨý ( (Scheme 3.3)  
 
Scheme 3.3. One-pot synthesis of 2-phenylbenzimidazole (3aa) from benzyl alcohol (5a) 








EtOAc (4 mL), r.t., 10 h
O2, fluorescent lamp
1a (0.15 mmol)












ǶĕƜ4ĕƜȑȊJʲţ"F(?¶4ŤɎś͢J˗+( (Table 3.3) PʞȽ1Ŀğɱɬ
ɓ 3aa 5ßƕDG#ďǚįĖG( (entry 1) ʉȞ¡.@ǶĕƜ5˃Ŏ2̠˗"F/ɼ˴
G(M]͍ĲȞ¡AǭŜǹ¸.5ĕƜƟˌ ƯñGF/ê+( (entries 2
4) 
<(M]͍ĲȞ¡F5ǭŜǹ¸. 1 Ɖ̲4êőɕPʞJþĕƜJ˗+(/H77% 
4Ėɗ.ɱɬɓ 3aa ƕDG( (entry 5) 4ʦȀ5Ƕļ̈ĄŔ̲˺̲4êőɕPʞ2C+-̯
ĄGƕF/Jɾ -F25   1DgOig N-aĄG(÷ɝƧɓ 
4aa ě˥Û/PĄYs`PJɟFǶǰ̦ǹ¸CE@ŇƕDG(/Dě˥Û/êőɕ
̯ʞ2CEɩɝ"FPʞaTǶĕƜ4̨ƲƟġ2̻ -F@4/ʲ-F 
Table 3.3. Control experiments of the benzimidazole synthesis a 
 
entry changed condition 
yield (%) b 
3aa 4aa 
1 Without MgI2 0 0 
2 Under air 81 trace 
3 Under Ar 36 6 
4 In the dark 29 7 
5 Under Ar, in the dark, and with I2 (1 equiv) 77 11 
a Standard condition: a solution of 1a (0.15 mmol) and 2a (1.0 equiv) in EtOAc (3 mL) was stirred under an argon 
atmosphere for 30 min. Then it was added MgI2 (5 mol%) in EtOAc (2 mL) and was stirred for 6 h at a room temperature 
with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were determined by 1H NMR analysis of 
crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. 
 ¶4ʦȀ/ôÆ4ĕƜȑȊʲţDǶĕƜ4ĕƜȑȊJȓ4C2ʲF (Figure 3.2) 5!?2





cOigğƧ4ŤɎś͢2- N-aÀ 4 ƕDG(/2,-5O 6 
̯Ąô͡À 7 /̯Ą̪ØĕƜJ̉"/. N-a{QraM 8 ɝƧGF/
2ɡǺ GD2Mnxp 2 /ĕƜ"F/.Ƕ÷ɝƧɓJ-F@4/ʲ-F






EtOAc, r.t., 6 h N
N
Ph
1a 2a (1 equiv) 3aa: R = H













Figure 3.2. Plausible reaction mechanism of the benzimidazole synthesis 




ɊJǱ -F/Dɛł2× Ǜˤ̯ĄƬȦ/ -4ƜɟǴƐGF 
 1ʏʳDǶɺʈ2,-Ŕ˘͊˳2ľĤ (ƒ|jaMrP~V^{S`
Zo (NH3(CH2)4NH3SiF6) JĹʙ˨Ő/ -ðɟ"FCEʖÊ1gOigğƧȦ 
ľĤG(28 aM 1 / Mnxp 2 ǭŜǹ¸2-̯ĄG(ʦȀJ̎<F/ (Table 
















































































E@Đ ǹ¸ƛˢ.F (Scheme 3.4) 30 Æ6ʽĄɓŀœĶþɏ 1DOXPQ
|JɎŦ"FǜȦAɋ˨Ő.ͣȺǹ¸̷ǧ̺ǎƶ"F/.GJƕFǜȦľĤG-F 
 
Figure 3.3. Medicinal compounds involving 4-quinazolinone 
 






































N Ar12 h–30 h
2010, Davoodnia, A. et al.








2-MtcMp (10) /cMnxp (2a) J˹ȁļ̈/ Ú:04gOig
ğƧ.ǰ̦.+(̭̯RjJȿŐ/ -PʞȽ4Ȇ˫J˗+( (Table 3.4) &4ʦȀêőɕ
PʞǶğƧ2-ǰ̦.F/ǣD21+( (entry 1) ˀĦȳ/2PĄYs`P
A&G¶ņ4PʞȽ2,-5ûɬ2ĕƜƟ½ ɱɬɓ 11a 5:/K0ƕDG1+( 
(entries 2−6) D1FȆ˫4ʦȀĕƜǧ̺J 1 ǧ̺/"F/.ƛˢ1cMnxp (2a) 4
̲JȷD"/.((?GJǰ̦ǹ¸2ȢŚ ( (entry 7)  
Table 3.4. Screening of iodine sources for 4-quinazolinone synthesis a 
 
entry iodine source yield (%) b 
1 I2 86 
2 MgI2 0 
3 CaI2 0 
4 ZnI2 0 
5 KI 0 
6 LiI 8 
7 I2 c 85 (86) 
a Reaction condition: a solution of 10 (0.3 mmol), 2a (1.5 equiv) and iodine source (5 mol%) in EtOAc (5 mL) was stirred 
for 30 min at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were 
determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The 
number in parentheses is the isolated yield. c The reaction was performed with benzaldehyde (1.0 equiv) for 1 h. 
 ¶4ǰ̦ǹ¸Jɟ-̦ɟ.F˅͠ǞMnxp2,-˹ȁJ˗+( (Table 3.5) ͎őÇ
ļ4Ǝ͓2,-Ȇ˫J˗+(/Hļ̈2C+-ĕƜǧ̺4Ƅ̷ƛˢ/ (#G@˃Ŏ1
Ėɗ.ɱɬɓJ( (11d−f) ͎őȠƆļJƹ,ļ̈2,-5͎őÇļCE@ĕƜƟ½"F
@44¡ʅƂD˃Ŏ1Ėɗ.ŤƜ"FVqgt͛JƕF/2Ƨý ( (11h−m) G5ĕƜ





















Table 3.5. Substrate scope of the 4-quinazolinone synthesis a 
 
a Reaction condition: a solution of 10 (0.3 mmol), 2 (1 equiv) and I2 (5 mol%) in EtOAc (5 mL) was stirred for a period of 




























































10 2 (1 equiv) 11
11b, 76% (5 h) 11c, 93% (10 h) 11d, 80% (5 h)
11e, 75% (1 h) 11f, 81% (1 h) 11g, 83% (3 h)
11h, 85% (15 h) 11i, 88% (15 h) 11j, 82% (15 h)








ǶĕƜ4ĕƜȑȊJʲţ"9,4ŤɎś͢J˗+( (Table 3.6) ɋ˨Ő.5ĕƜ5̠˗$#
ďǚįĖ/1+( (entry 1) ʉȞ¡.5ĕƜƟ4½ˣDG(@44¡ʅƂ4Ėɗ.Vqgt 
11a J( (entry 2) <(:;Ġ̲4axpVqgt 12a 4ɝƧ@ɼ˴G(M]͍Ĳ
Ȟ¡AǭŜǹ¸.5ɱɬɓ5ßƕDG#axpVqgt 12a ƕDGFʦȀ/1+( 
(entries 3, 4) Entry 3 4ǹ¸2-5ě˥Û/êőɕPʞ2CEɝƧGFPʞaTTj
SƟ4PʞȽ8/ŅǅGGOb̯/ -Õ(/©ƢGF<(entry 4 4ǹ¸2
-5êőɕPʞ/êőɕ̯ʞ2CEƕDGFPʞ̯ĄɓOb̯/ -ÕɛĄJÌ̠ (/
ʲDGFD2M]͍ĲȞ¡ǭŜǹ¸. 1 Ɖ̲4êőɕPʞJþ-=F/ɱɬɓ 11a 
C7axpVqgt 12a 5I# ƕDG1+( (entry 5) 4ʦȀCEǶĕƜ5êő
ɕPʞ4=.5:/K0̠˗ 1/ǣD/1+( 
Table 3.6. Control experiments of the 4-quinazolinone synthesis a 
 
entry changed condition 
yield (%) b 
11a 12a 
1 Without I2 0 0 
2 Under air 44 47 
3 Under Ar 0 94 
4 In the dark 0 72 
5 Under Ar, in the dark and with I2 (1 equiv) 5 9 
a Standard condition: a solution of 10 (0.3 mmol), 2a (1.5 equiv) and I2 (5 mol%) in EtOAc (5 mL) was stirred for 30 min 
at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were determined by 
1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. 
 ʨ-axpVqgt 12a 2,-êőɕ̯ʞ/˨Ő̲4êőɕPʞœĶ˔ÛɈD
4ÛJɎŦ (/HŤƜ"FVqgt 11a 8/ŅǅGF/ǣD/1+( (Scheme 3.5, 
eq. 1) 4/D4axpVqgt 12a ǶĕƜ4¡̺À.F/ɾĪG(
D2ǶĕƜ5PĄYs`PœĶ.5ß4ɋĕƜ.+( (Table 3.4, entry 2) ¡̺ÀDĠ
ȋ4ǹ¸2-ĕƜJ˗/½Ėɗ1DVqgt 11a ƕDGF/ê+( (Scheme 3.5, eq. 
2) ¶4ʦȀDPʞȽ4ʆ͛2FĕƜƟ4ŷ5ŏ?4ɛĄβ̈́4Ì̠2̻Ë -EȜ̑
ɬOb̯Ɵ4½PĄɓŀ.5ɛĄJ̉$1+(/ďİ/ʲ-F<(axpV
qgt 12a 2Ť -̯ʞ͍ĲȞ¡PʞȽJþ#2ĕƜJ˗1+(/HďǚįĖ/1+( 











EtOAc, r.t., 30 min














Scheme 3.5. Control experiments from dihydroquinazolinone 12a 





EɛĄÌ̠G-F/ʲF31 & -ɛĄÀ.F`xpVqgt 12 5ô̘4gO
igğƧ/Ġȋ2PʞaTF5êőɕPʞ2C+-̯ĄGF/.ɱɬɓ.
FVqgt 11 8/ŧGF/ȑȊJƢŚ -F 
 












































































OoO` C 5ɝÀã2-Maa4̹ɛ2» DNA MVĄ2CEưʺɦÃɟJɩɘ











ĤG-F34   1DO5ͣÉ,ŖŚ1@4Ň̷ Ǵ4Íœ25ġ1ǜ
MZ84ʊʞŧÞ5MZ84qOoC7&4ʐÉÀ4´þĕƜ˂ɬ.F35 ̗ſ
5Ú2̘9(̊ďőÉPʞJ̯Ąö/"F/2CEM/MZD̯Ąɬ2Maa
JğƧ"FǜȦľĤG( (Scheme 3.7, eq. 2) 31 <(̊ ďőÉPʞ˱˒ʼÀJʊʞȽ/ -ðɟ


























2012, Zhdankin et al.





















ļ̈/ - 4-h`|jbj (13a) /woRbMp (14) Jɟ1 Ɖ̲
4êőɕPʞœĶM]͍ĲȞ¡ÛɎŦJ"F/.Ȇ˫J˗+( (Table 3.7) 37 ŏ?2ȿŐ
Ȇ˫J˗+(ʦȀu[ʙȿŐ¡ɔ2aXhǰ̦1/ê+( (entries 1–7) <(
PʞȽ5 N-pbX`Op (NIS) .@ĕƜ4̠˗ɼ˴G(ͣ É.+((?CEŖ
É1êőɕPʞJ¶̿4Ȇ˫.@ɟF/2 ( (entry 8) þFêőɕPʞ4̲5 1 Ɖ̲
̦ë.EGCE@̲JȷD (Ŀğ5Ėɗ4½ɼ˴G( (entry 9) ʨ-ȵþö4Ȇ˫J
˗+(/Hȟ̯ĄTPJȵþ (Ŀğ5Ėɗ4½ˣDGǱȑŀļAɉ̯qoPɉ̯
jPɉ̯d`P.5ďǚįĖ/1+( (entries 10–14) D1FĕƜƟ4ġJǴƐ -X
¡ĕƜȺƂJ 60 ºC <.ǢȺ (/H86% 4Ėɗ.ɱɬɓJƕ( (entry 15)  
Table 3.7. Optimization of the reaction condition for the aziridine synthesis a 
 
entry base solvent yield (%) b 
1 K2CO3 MeCN 0 
2 K2CO3 EtOAc trace 
3 K2CO3 DMF trace 
4 K2CO3 DMSO trace 
5 K2CO3 THF 6 
6 K2CO3 CHCl3 81 
7 K2CO3 CH2Cl2 83 
8 c K2CO3 CH2Cl2 81 
9 d K2CO3 CH2Cl2 23 
10 Li2CO3 CH2Cl2 trace 
11 Na2CO3 CH2Cl2 0 
12 Cs2CO3 CH2Cl2 0 
13 NaOH CH2Cl2 10 
14 KOH CH2Cl2 45 
15 e K2CO3 CHCl3 87 
a General procedure: a solution of 4-tert-butylstyrene (13a, 0.3 mmol), TsNH2 (14, 2.0 equiv), I2 (1.0 equiv), and base (2.0 
equiv) in CH2Cl2 (5 mL) was stirred for 20 h at a room temperature with irradiation using two of fluorescent lamps under 
an argon atmosphere. b Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard. c With NIS (1.0 equiv) as an iodine source. d With I2 (0.5 equiv). e At 60 ºC. 
Ar, fluorescent lamp
solvent (5 mL), r.t., 20 h+












 ¶4ʦȀJØ2 Table 3.7, entry 15 4ǹ¸Jǰ̦ǹ¸/ -ļ̈˂Ɵ4˹ȁJ˗+( (Table 3.8) 
bj4w¼2u[ļJƹ,ļ̈ 13b ē7 13c 2Ť -5˃Ŏ1Ėɗ.ŤƜ"FMaa 
15b ē7 15c Jƕ(  w¼2oV`ļJƹ,bj2Ť -5̰ğĕƜ̉Ero
ļJƹ,bj2Ť -5ɋĕƜ.+(ǶĕƜ5ɋʮǅ4bj 13d 2Ť -@˃Ŏ2̠˗
 10ÐbZ.@äɀ2̠>/ǣD/1+(jbj5w¼h¼So¼ʮ
ǅÀ 13e−g &G'G2,-Ȇ˫J˗+(#G@ĠʅƂ4Ėɗ.ŤƜ"FMaaƕDG(
þ-jļ4̯Ąʐ4÷ĕƜ@ɼ˴G1+(<( -jbj (13h) 2Ť -ĕƜ
J˗+(/HƕDG(Maa4aMbmSȜ (d.r.) 5:; 1 : 1 .+(4ʦȀCE
ǶĕƜ5qOoF5&4ʐÉÀJʥɡ"FC1ĉŌɬ1ĕƜ.51/ɾĪG(	-
jbj (13i) Jļ̈/ (ͅ5Ėɗ4½ɼ˴G(G5̸ɛβ̈́2FʋÀ͆Ş
ĕƜJ̾Ş -F@4/ʲDGFǜ. ʸʵǞMZ 13j ē7 13k 2Ť -5ɋĕƜ.
+( 
Table 3.8. Scope and limitation of the aziridine synthesis a 
 
a General procedure: a solution of substrate (13, 0.3 mmol), TsNH2 (14, 2.0 equiv), I2 (1.0 equiv) and K2CO3 (2.0 equiv) 
in CHCl3 (5 mL) was stirred for 20 h at 60 ºC with irradiation using two of fluorescent lamps under an argon atmosphere. 
Isolated yields. b The reaction was performed with 3.0 mmol scale of 13d. c d.r. = 47:53. The diastereomer ratio was 
determined by 1H NMR analysis. 
  
Ar, fluorescent lamp
CHCl3 (5 mL), 60 ºC, 20 h
+
I2 (1 equiv), K2CO3 (2 equiv)TsNH2















































ʨ-ĕƜȑȊJʲţ"F(?¶4Ȝ̑ŤɎś͢J˗+( (Table 3.9) aTƽƼö.F 
2,2,6,6-mojza 1-SV` (TEMPO) Jȵþ (/Hɱɬɓ 15a 4Ėɗ5ˌ 
½"F/ê+( (entry 1)  






ÛÌ̠"F͎őɬ1ĕƜ.F/ɾĪG( (entry 3) TPOSƽƼö.F 18-crown 
6-ether Jþ(TPȽ/Ġ̲ȵþ"F/ĕƜ5ŗß2̾ŞG( (entry 4) 4ʦȀ/ŀļȆ˫
4ͅ2TPŀ4ɳƟ˃+(/J̎<F/ (Table 3.7, entries 7, 10–14) TPOS5ĕ
Ɯ4íǴβ̈́D̻ -F@4/ƞIGF 
Table 3.9. Control experiments of the aziridine synthesis a 
 
entry changed conditions yield (%) b 
1 Added TEMPO (1.0 equiv) 3 
2 Under air 30 
3 In the dark 27 
4 Added 18-crown 6-ether (4.0 equiv) 0 
a Standard condition: a solution of 4-tert-butylstyrene (13a, 0.3 mmol), TsNH2 (14, 2.0 equiv), I2 (1.0 equiv), and K2CO3 
(2.0 equiv) in CHCl3 (5 mL) was stirred for 20 h at 60 ºC with irradiation using two of fluorescent lamps under an argon 
atmosphere. b Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an 
internal standard.   
Ar, fluorescent lamp
CHCl3 (5 mL), 60 ºC, 20 h
+












 ¶4Ȇ˫ʦȀC7Ú˗ɺʈDǶĕƜ4ĕƜȑȊJȓ4C2ʲ-F (Scheme 3.8) 16 ŏ
?2woRbMp (14) ŀļœĶPʞĄGF/2CEPʞĄÀ 16 ƕD
GFʨ-Û2CFʊʞ−Pʞʦğ̹˜̉bMaaT 17 ɝƧ (ƒbj
 13 2´þ"F/.aaT 18 ƕDGFaaT 18 5PʞF5
PʞaT/ĕƜ"F/.ɛĄô͡À 19 /1Eǰƒ2ŀļ2CFêőãɛĄJʥ-Maa
 15 ɝƧGF<(TPOS5ʙ¡2-÷ɝ"FPĄɓOS/ŀJƊƧ ȿ˧Ɵ4½
PĄTP/1EPĄɓOSJĕƜʙņ2ƏùJƵ/.ŏ?4woRb
Mp (14) DPʞĄÀ 16 ƕDGFĕƜJÌ̠ -F/ʲ-F 
 












































FC1Ǜ ĕƜ84ƜɟJʲCE•ǤƂ4ͣ sp3 C−H ʦğ4̯ĄƬȦ4̹ɩ2ɌɊJƉ-(





 sp3 C−H ʦğ4̯Ą5ɹȤɡǺĄğɓJŅǅ"F.ļɽɬ1ĕƜ.EĚDɺʈG-(
ê̱.FGD4ĕƜ2CEƕDGF̯ĄÀ5ć˒ĨJŏ?/"F{LOZT4Ǹǚ/ -
Ǳɟ.F¡.@Mnxp5×G(Ƞ͎őö.EGJğƧ"Fȋ1ǜȦǄȄG-F




2,-@˨Őɬ1ǐ˃Ȧ4̹ɩȋ1ɺʈY}CẸƧG(20a, 22a, 40 ˅͠Ǟˠʞɛj
ļJ̯Ą"FǜȦ5ǵ)̀DG-FÆ6za4jļJ̯Ą"F25Ú2̘9(̰
̳Ŭ̯Ąö2þ-«̯ĄdJɟFǜȦ˂ɬ.F (Scheme 4.1) 41   4ǜȦ.5
T̯4ɝƧ5ÝG#<(«̯Ąd4țƟ@ŉ1ȒɊ.+( 
 
Scheme 4.1. Direct oxidation from picolines to the corresponding aldehyde using selenium dioxide 
Ǯ22-jgjMg4̯Ą5CEı•.Eô̘4ǜȦJƹ+- -@½Ėɗ/1F 
(Scheme 4.2, eq. 1) 42a ̗ſ̵˨ŐœĶ̯ʞ͍ĲȞ¡þɏ"F/2C+-˨Őɬ 2-j
gjMgJ̯Ą ŤƜ"FMnxpJƕF/ĕƜ@ľĤG(Èɍ/ -Ėɗ2ǐĬ
4ÂĸF (Scheme 4.2, eq. 2) 42b G¶ņ2ÞƬşǤ1ďǚDgMg-2-TV`M
nxp͛JğƧ"F˂ɬ1ǜȦ5gMg͛JǱȑjP˱˒2CEjSĄ DMFJ

















Scheme 4.2. General methods for synthesis of benzothiazole-2-carboxaldehyde  
 /H.¹˓D5-ZoRbm4C1ȪƟj2Ť Û̯ĄJƜɟ"F/.ȪƟj
̫¼4̯Ąē7̐¼ĕƜ̉F/Jˣé ľĤ -F 43 4ĕƜ.5ŀļ2CEȪƟĄ
G(ļ̈Pʞ2Ǒǉ &GÛɎŦŅǅGF/.ɝƧɓƕDGF/ȑȊǃŚ
G-F (Scheme 4.3)  
  



















































Scheme 4.4. Working hypothesis for the oxidation of methyl groups on aromatic heterocycles 
P.T. = Proton transfer 
4Ãȇ·˷4@/ɺʈJ˗PʞJ˨Ő/ ě˥Û̯ʞ̯Ąǹ¸.˅͠Ǟˠʞɛ4jļ
J̨Ʋɬ2Mnxp8/̯Ą"F/JǣD2 (¶&4˲ʡ2,-̘9F  






























ļ̈/ - 2-jgjMg (20a) Jɟʆ4ǹ¸2- gjMg-2-T
V`Mnxp (21a) 4ğƧJ˱=(<#ŏ?2˨Ő4Ȇ˫J˗+( (Table 4.1) &4ʦȀƔ
ǺȦ.5oR͛4a¼4̯Ąěʷ1ʽʞȽAMoVt (AQN) ͛.5ɱɬɓ5:/
K0ɼ˴G#ďǚįĖ.+( (entries 1−4) 22a, 45   êőɕPʞ/|bmkp̯.F 
o{S̭̯ (TFA) Jɟ(ͅ2ɱɬɓ4ɝƧƘ̲.5Fɼ˴G( (entries 5, 6) D2
ĕƜȺƂJ 50 ºC <.þȺ"F/.Ėɗġ ( (entry 7)  
Table 4.1. Starting experiments for the oxidation of the heterocycles a 
 
entry catalyst yield (%) b 
1 AQN-2-CO2H trace 
2 2-Cl−AQN trace 
3 MgBr2•OEt2 0 
4 I2 0 
5 c I2 trace 
6 cd I2 trace 
7 cde I2 13 
a Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol) and catalyst (0.1 equiv) in EtOAc (5 mL) was 
stirred for 20 h at a room temperature with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were 
determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. c TFA 
(0.1 equiv) was added. d 0.2 equiv of catalyst was used. e The reaction was performed at 50 °C. 
 ¶4ʦȀD˨Ő/ -êőɕPʞ/̯4ʤ=ğI$Jǀɟ þɏǹ¸Ǯ1FĕƜǹ¸4
ʘȁJ˗+( (Table 4.2) Ob̯A³4|bmkp̯JȆ˫ ( TFA J̊FʦȀ5ƕDG
1+( (entries 1−6) TFA4ȵþ̲JȆ˫ (/HĖɗ5 TFA 4ȵþ̲2»Ńþ TFA J 
1 Ɖ̲ɟ(ͅ2Ėɗ 78% .ɱɬɓ 21a ƕDG( (entries 7−9) <(ô̘4ˠʞɛƊƧĕƜ2
-˃Ŏ1PʞȽ.+(PĄYs`P (MgI2) AȠ͎őɬ1PʞĄö/ -ɷDGF N-
pbX`Op (NIS) JPʞȽ/ -ĕƜ$(/HĖɗ5ûɬ2ȷũ ( (entries 10, 
11) <(ƈ|bmkp̯.Fŀ̯AoRb̯ɻ̯ 1 Ɖ̲J TFA 4µIE2
ȵþ ( (entries 12–14) ŀ̯ē7oRb̯.5ĕƜ4̠˗ɼ˴G(TFA4ĿğCE
5½Ėɗ.ɱɬɓƕDG(ɻ̯Jɟ(ĿğĕƜ5:/K0̠˗ 1+(ǰʣɬ2ĕƜȺƂ
J 70 ºC <.ǢȺ$F/.81% 4Ċ͋Ėɗ.Mnxp 21a ƕDG( (entry 15) ˀĦȳ






catalyst (0.1 equiv) S
N
CHO








4½5ˣDG(@44ǶĕƜ5ʉȞ͍ĲȞ.@˃Ŏ2̠˗ ( (entry 17)  
Table 4.2. Optimization of the reaction conditions a 
 
entry acid (equiv) iodine source yield (%) b 
1 AlCl3 0.1 I2 trace 
2 AgOTf 0.1 I2 trace 
3 Yb(OTf)3 0.1 I2 trace 
4 AcOH 0.1 I2 0 
5 HCl 0.1 I2 6 
6 TFA 0.1 I2 13 
7 TFA 0.2 I2 21 
8 TFA 0.5 I2 49 
9 TFA 1.0 I2 80 (78) 
10 TFA 1.0 MgI2 0 
11 TFA 1.0 NIS 15 
12 35% HCl aq. 1.0 I2 64 
13 TsOH•H2O 1.0 I2 26 
14 H2SO4 1.0 I2 trace 
15 c TFA 1.0 I2 80 (81) 
16 d TFA 1.0 I2 0 
17 ce TFA 1.0 I2 66 (74) 
a Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol), iodine source (0.2 equiv), and acid in EtOAc 
(5 mL) was stirred for 20 h at 50 ºC with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were 
determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The 
numbers in parentheses are the isolated yields. c The reaction was performed at 70 °C. d The reaction was performed under 






iodine source (0.2 equiv), acid S
N
CHO







 ʨ-ĕƜȿŐ4ǰ̦ĄJ˗+( (Table 4.3) ĕƜȿŐ5̭̯Rjǰ̦.+(Mdor
oAoR̭̯}zJɟ(Ŀğ2-@˃Ŏ1Ėɗ.ɱɬɓJ( (entries 7−9) 
¶4ʦȀDTable 4.3, entry 10 4ǹ¸Jǰ̦ǹ¸2ȢŚ ˂Ɵ4Ȇ˫J˗+( 
Table 4.3. Screening of solvent for the oxidation of the heterocycles a 
 
entry solvent yield (%) b 
1 H2O 0 
2 DMF 0 
3 CHCl3 0 
4 MeOH trace 
5 MeCN / MeOH ( 3 : 2 ) 0 
6 THF 7 
7 MeCN 61 
8 PhMe 65 
9 nPrOAc 71 
10 EtOAc 80 (81) 
a Reaction conditions: a mixture of 2-methylbenzothiazole (20a) (0.3 mmol), I2 (0.2 equiv), and TFA (1.0 equiv) in solvent 
(5 mL) was stirred for 20 h at 70 ºC with irradiation using a fluorescent lamp under an oxygen atmosphere. b Yields were 
determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The 
number in parentheses is the isolated yield. 
<# 2-jgjMg˵ŧÀ2,-˂ƟJ˹ȁ ( (Table 4.4) ͎ őȠƆļC7Ç
ļJƹ+(#G4ļ̈2Ť -@ǶĕƜ5¡ʅƂD˃Ŏ2̠˗"F/ɼ˴G(Xļ 
20c A|ļ 20d Rbm 20e 10̳ŬĕƜʐ2ǓƤ1ʮǅļJǱ"F 2-jgjMg
˵ŧÀ2Ť -@̦ɟ.ʮǅļ4ŅĄʐ4÷ĕƜ5ɼ˴G1+(<(Rbm 20e A`
Mtļ 20f roļ 20g 104ƈ͎őȠƆļJƹ,ļ̈.5̷ĕƜǧ̺Jƛˢ/ ¡ʅƂ4
Ėɗ.ɝƧɓJ(Ť̀ɬ2ƈ͎őÇļ.FoV`ļJƹ,ļ̈.5 85% 4ͣĖɗ.Ť
Ɯ"FMnxp 21h ƕDG(<(gjMg 20i ē7 20j 4C1 2 ¼¶ņ2@j
ļJǱ"Fļ̈2,-52 ¼4jļ4=̨Ʋɬ2̯ĄGeɛ4jļ4̯Ą5
ɼ˴G1+(4/DǶĕƜ5gjMg42¼4jļ̨Ʋɬ1̯ĄĕƜ.F
/ɾĪG(ǶĕƜ5q{ojMg (20k) 2@̦ɟěʷ.ED2 2-RjgjM
g (20l) A 2-agjMg (20m) Jļ̈/ -ǶĕƜJ˗/ŤƜ"FZoÀ 






I2 (0.2 equiv), TFA (1.0 equiv) S
N
CHO







Table 4.4. Substrate scope for the oxidation of the benzothiazoles a 
 
a Reaction conditions: a mixture of a methyl heterocycle (20) (0.3 mmol), I2 (0.2 equiv), and TFA (1.0 equiv) in EtOAc (5 
mL) was stirred for a period of indicated reaction time at 70 ºC with irradiation using a fluorescent lamp under an oxygen 











































































 ʨ-2-jgjMg˵ŧÀ¶ņ4ˠʞɛ2,-@Ȇ˫J˗+( (Table 4.5) j
Vt͛2,-ǶĕƜJȆ˫ (ʦȀ2 ¼ 20n / 4 ¼ 20p 4jļ̨Ʋɬ2̯ĄGŤ
Ɯ"FMnxp 21n ē7 21p J&G'G(3 ¼2Fjļ 20o 5̯ĄG1/ê
+(GD4ʦȀDÃȇ·˷.̘9(C1Rqĺ4¡̺ÀJʥɡ -ĕƜ -F/
©ƢGF2-jgSV^g (20q) Jɟ(ͅ5Table 4.3 4ǰ̦ǹ¸.5½Ėɗ.
+(&.ȿŐȆ˫.RbmʙȿŐ4ȓ2ǰ̦)+(oRJȿŐ2ɟ (Table 4.3, entry 8) ĕ





Table 4.5. Substrate scope for the oxidation of the other heterocycles a 
 
a Reaction conditions: a mixture of substrate (20) (0.3 mmol), TFA (1.0 equiv), I2 (0.2 equiv), and EtOAc (5 mL) was 
stirred for a period of indicated reaction time at 70 °C with irradiation using a fluorescent lamp under an oxygen atmosphere. 




I2 (0.2 equiv), TFA (1.0 equiv) Ar CHO
EtOAc, 70 ºC20 21






















 ǶĕƜ4ĕƜȑȊJ˹ȁ"F(?2ȓ2ɾ"Ȝ̑ś͢J˗+( (Scheme 4.5) ǭŜǹ¸.5Ƕ
ĕƜ5ˌ ƯñGPʞĄG(ɝƧɓ 22a ƕDG( (eq. 1) 4/DǶĕƜ25ě˥
ÛɎŦƛˢ.F/ɾĪG(<(M]͍ĲȞ.5ɱɬɓ5ßƕDG#Ú:0/Ġ
ȋ2PʞĄÀ 22a ƕDG( (eq. 2) 4ʦȀDǶĕƜ25êőɕ̯ʞƛ͗.EG
ĕƜȑȊ2ʇȈɬ2̻ -F/îǣ (<(0*D4ǹ¸2-@PʞĄÀ 22a 4ɝ
Ƨɼ˴G(/D4PʞĄÀ 22a ĕƜ¡̺À.F/©Ƣ (4PʞĄÀ 22a 2
Ť -PĄȟʞ̯JþF/ɸǧ̺.ďǚ.F 2-jgjMg (20a) ƕDG( (eq. 
3)  
 
Scheme 4.5. Control experiments to investigate the reaction mechanism (1) a 
a Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal 
standard. FL = fluorescent lamp. 
 ʨ-˅͠Ǟˠʞɛjļ̯2C+-Rq8/ɥƟĄ"F/Jɼ?F(?22-j
gjMg/ TFA J̰ht¡.ȴğ  50 ºC 4ĕƜȺƂ.ǩĕƜ$(ƒ1H 
NMR JȻŚ ( (Scheme 4.6) &4ʦȀTFA Jþ1ǹ¸.5ļ̈4}oʇêÑ2ŅĄ5
ˣDG1+( (Figure 4.1) TFA Jþ(ǹ¸.5jļ4}oʇêÑȷũ"F/ɼ
˴G( (Figure 4.2)  
 


































50 ºC, 20 h
S
N
aq. HI 55% (1.0 equiv) S
N
Me
EtOAc (1 mL), r.t., 3 min










50 ºC, 20 h
CD3OD (0.5 mL)
Figure 4.1








Figure 4.1. Without TFA 
 
 







 4ʦȀ5 2-jgjMg̯2C+-Rq8/ɥƟĄ jļ4}o/
̰ht4̰ȟʞ®ǅG(/Jɾ -EǶĕƜǹ¸2-@Ġȋ2ʙ¡.Rq
ɩɝ -F@4/ʲF (Scheme 4.7)  
 
Scheme 4.7. H−D exchange on 2-methylbenzothiazole through imine-enamine tautomerization 
 ʨ-Rq 23a Dɱɬɓ<.4ĕƜȑȊJʲţ"F(?2¶4ś͢J˗+( (Scheme 4.8) 
<#ĕƜʙ2 TEMPO Jȵþ"F/ǶĕƜ4Ėɗ5ˌ ½"F/á2ļ̈/ TEMPO ʦğ (
÷ɝƧɓ 24a ƕDG( (eq. 1) 4/DǶĕƜ5aTȑȊJʥɡ -FěʷƟɾG
(2-(xpV`j)gjMg (25a) Jļ̈/ -ǶĕƜJ˗/ŤƜ"FMnxp 
21a ƕDG(ǵĕƜ4ďǚ 25a  15% įĖG( (eq. 2) ǰ̦ǹ¸.4ĕƜ2-M\
À4αɣ5ɼ˴G1+(/D4M\À 25a 5ǶĕƜ4£1¡̺À.1/ʲ
DGF<(PʞĄÀ 22a 2̯ʞ͍ĲȞ¡ě˥ÛɎŦ"F/ɝƧɓ/ -MnxpÀ 21a ƕD
G( (eq. 3)  
 
Scheme 4.8. Control experiments to investigate the reaction mechanism (2) a 
a Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal 


































25a (0.3 mmol) 21a, 66%
+ 25a, 15% eq. 2
I2 (0.2 equiv)


















 4/M\À 25a @÷ɝƧɓ/ -ƕDG(G5SV`aT 27a 4ĹĄ
2C+-ɝƧG(@4/ʲF (Scheme 4.9) 46 1 Scheme 4.8, eq. 3 4Ȇ˫2-ĕƜȿŐJ





Scheme 4.9. Plausible mechanism of production of the alcohol 25a 
PʞĄÀ 22a AM\À 25a 4ɝƧJɼ˴"F(?ǶĕƜ4hO\bȆ˫J˗+( 
(Figure 4.3) 4Y{DĕƜǧ̺ʥ̢"F2,G-ļ̈ 20a Ɠ2ȱŊ &G2»+-ɝ
Ƨɓ 21a ɝƧ -F/ê+(<(PʞĄÀ  22a 4ɝƧ@I#.Fɼ˴G(





























I2 (0.2 equiv), TFA (1.0 equiv)
EtOAc (5 mL), 50 ºC, Time (h)






 ¶4Ȇ˫ʦȀDƢŚGFĕƜȑȊJȓ2ɾ" (Scheme 4.10) <#̯2C+-˅͠Ǟˠʞɛ
4ʊʞďőȪƟĄGRq 23a ƊƧGFRq 23a 5êőɕPʞ/ĕƜ P
ʞĄ¡̺À 22a JɝƧ"F.¡̺À 22a 4ɉʞ−Pʞʦğě˥Û2CE̹˜ MV
aT 26a ɝƧ"Fʨ-4MVaTêőɕ̯ʞJok}"F/.
SV`aT 27a /1EGʙ¡.ɩɝ (PĄȟʞ4ȟʞJaTɬ2ƆƱxp
SV`pÀ 28a /1Fǰƒ2̯Ɵǹ¸.ʹȟĕƜJ̉"/.ɱɬɓ.FMnx
pÀ 21a ƕDGF<(ʙ¡.ɝƧ (PʞaTå7Pʞ/1F/2CEǶĕƜ
˨Őɬ2̠˗"F@4/ʲ-F 
 
Scheme 4.10. Plausible pathway of the oxidation of heterocycles 
P.T. = Proton trransfer 
 PʞĄÀ 22a DMVaT 26a 84Ņǅ5 SET 4̻@©ƢGF&4Ŀğ5êő
ɕ̯ʞbwSV`pMrSaT (O2−) 8/ŅǅGF (Scheme 4.11) 4bwSV
`pMrSaT5ĕƜƟͣɲ*2MVaT 26a' F5 26a'' /ĕƜ"F/
©ƢGF  &4ĿğSV`aT 27a Jʥɡ$#2ɲǂxpSV`p 28a (route 
A) F5&4PʞĄ̢̯Ąɓ 28a' (route B) ɝƧGF/21FGD4ȑȊ5ô̘4Ĺ
Ą2CFM\À÷ɝ4ʦȀ/ɶɴ"F(?SET ȑȊ5£ʥ̍.51/ʲ-F 
 








































































































5̀ŚG-FÆ6̯ĄĕƜ.CɟDGF tert-|jxpSV`p (TBHP) 5Ŷȇ
ɬ2tert-|jM\2Ť -ƈ̯Ɵǹ¸ͣɆƂ̢̯ĄȟʞJĕƜ$FǜȦAOf|h
2Ť -ͣȺͣĵǹ¸êőɕ̯ʞJĕƜ$FǜȦ2CEğƧGF (Scheme 4.12, eq. 1, 2) 50a, b 
GD4ǜȦ5Ċʜ1ɉĄȟʞ2Ť -5̦ɟ.F@44 6 6÷ĕƜ̉F/Dć˒
Ĩ4C1{LOZT4ğƧ25ġ1<(XJêőɕ̯ʞ2CE̯Ą Xxp
SV`pJɝƧ"FĕƜ@CɷDG-FǜȦ.5F4C1ļ̈2Ť -@ĕƜǹ
¸Đ "F(?Mdo{QtAXM\÷ɝ - </ī͚ɊF 
(Scheme 4.12, eq. 3) 50c 
 
Scheme 4.12. Traditional syntheses for TBHP and cumenehydroperoxide 
4C1ʶǪJĘ-CEȺħ1ǹ¸ŇƋ1Ǳȑ̢̯ĄɓJğƧ"FǜȦɳȓ.̹ɩ
G-(51, 52 Æ6Mļ/̰͕̯ʞ2CFRĕƜ2CExpSV`pJğƧ"Fǜ
Ȧ51a, b Zo2̢̯ĄȟʞJÃɟ$F/.aQqaxpSV`pJƕFǜȦ51c, d Ȫ
Ɵj̫¼A`X}w˵ŧÀ2Ť -aTĕƜJ̉ êőɕ̯ʞJƽƼ$F/.
xpSV`pJƕFǜȦ51e–i Sgê˧51j aR/êőɕ̯ʞ4ɛĄĕƜ10ľĤG-



































{ĺřʷļĄ̠˗"F/JľĤ -F (Scheme 4.13, eq. 1) 20d <(4ƬȦ5}oȽ (HA) 
Jêőɕ̯ʞ2ŅǮ"F/.α-ʮǅZo4ğƧ2@Ɯɟěʷ.F (Scheme 4.13, eq. 2) 54 
 
Scheme 4.13. Selected examples for alkene oxidation using Mes–Acr+ 
ǜɒ̱D5bj͛2Ť ̯ʞ͍ĲȞ¡U˨ŐœĶN-xpV`{hOp 
(NHPI) A 1-xpV`goMg (HOBt) 10J´þ$F/. -M\V`txp




Scheme 4.14. A previous report of β-alkoxy monohydroperoxide synthesis using Mn catalyst 
GD4ɷˣDʏʳ5Mes–Acr+ 2CEƕDGFTjSaT2M\/êőɕ̯ʞJ´
þ$F/. -M\V`txpSV`pJğƧ.F/ʲȆ˫2ɵƬ ( 
  
DCE, r.t.




2014, Nicewicz et al.
XH
X = O, CO2, NTs




MeCN, MS 4 Å, r.t.
air, 450 nm LED
cat. Mes-Acr+ ClO4–
Ar




















ŏ?2bj (29a) J˹ȁļ̈/ ̯ʞ͍ĲȞ̭̯Rj/ht4ȴğȿŐ¡.ǰ
̦ǹ¸4ǁʟJ˗+( (Table 4.6) ȵþöJþ1ǹ¸.5ɱɬɓ 30a 5½Ėɗ.ƕDG	-M
\V`Zo 31a 2þM\ÀAcMnxp104÷ɝɼ˴G( (entry 1) ʨ
-,4ŀļ2,-Ȇ˫J˗+(ʦȀɱɬɓ 30a 4Ėɗ4ġɼ˴Gɔ2 2 Ɖ̲4̯Ą
Ys`PJþ(ͅ2Ċ͋Ėɗ 63% .ɱɬɓ 30a ƕDG( (entries 2–6) ǜ¡Ɵ2̗
Ys`PŀJȵþ"F/ɱɬɓ5ßƕDG1+( (entries 7, 8) <(Ys`POSJƽ
Ƽ"F/.ɷDGF 15-crown 5-ether Jȵþ -@ĕƜ4ˌ Ưñ5̉D1+( (entry 9) 
GD4ʦȀD̯ ĄYs`P5ŀļ/ -ǶĕƜ2̻ -F@4/ʲ-F1ǶȆ˫
25ȡɟ4˔ÛɈJÛȽ/ -Åɟ -F450 nm LED ɎŦ.@Ġȋ2ĕƜ"F/@ǣD/
1+-F (The data wasn’t shown.) ˔ÛɈ4ǜŖÉ,ÞƬşǤ.+((?Ƕ͕4ś͢2
-5ťD˔ÛɈJÛȽ/ -ĕƜJ˗// ( 
Table 4.6. Optimization of the reaction condition a 
 
entry additive (equiv) yield (%) b 
  30a 31a 
1 none 17 20 
2 Li2CO3 (1) 52 8 
3 NaHCO3 (1) 47 3 
4 Mg(OH)2 (1) 50 6 
5 MgO (1) (60) 8 
6 MgO (2) (63) 6 
7 Mg(ClO4)2 (2) 0 0 
8 MgCl2 (2) 0 10 
9 MgO (2) c 51 3 
a Reaction conditions: a solution of styrene (29a) (0.3 mmol), Mes–Acr+ClO4− (0.1 equiv), and additive in 
MeOH/EtOAc (1 mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation 
with a fluorescent lamp. b Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard. The numbers in the parentheses are the isolated yields. c Added 15-crown 





MeOH / EtOAc (1:4)














Table 4.7. Scope and limitation of the hydroperoxidation a 
 
a Reaction conditions: a solution of styrene 29 (0.3 mmol), Mes–Acr+ClO4− (0.1 equiv), and additive in MeOH/EtOAc (1 
mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with a fluorescent lamp. 
Isolated yields. b Isolated yields of the corresponding alcohols 32, which were prepared by reduction of the crude products 
with PPh3 (1.0 equiv) in CH2Cl2. c H2O/Acetone (1 mL/4 mL) was employed as a solvent. d EtOH (1 mL) was employed 
instead of MeOH. e nPrOH (1 mL) was employed instead of MeOH. f iPrOH (1 mL) was employed instead of MeOH. 
PhCO2H (5 equiv) was added as a nucleophile, and CH2Cl2 (2 mL) was employed as a solvent. 
ǰ̦ĄG(ǹ¸Jɟ-ǶĕƜ4ļ̦̈ɟ2,-˹ȁJ˗+( (Table 4.7) ʘ˟ı•1ɱɬ
ɓ2,-5̪ØèɚJ˗&GJʘ˟"F// (w¼u[jļF5 tert-
|jļ.ʮǅG(bj 29b–29f 2,-Ȇ˫J˗+(/H#G@¡ʅƂD˃Ŏ1Ėɗ
.ŤƜ"F̢̯Ąɓ 30b–30f J(ǜƇ͎őÇƟ4ʮǅļJǱ"Fbj 29g ē7͎ő
̋4ʮǅļJǱ"Fbj 29h .5Ėɗ4ˌ ½ɼ˴G(<(MdhÍ˾G(
bj 29i .5̫ʹÍ˾Àɼ˴Gɱɬɓ4Ėɗ5AA½"F/ǣD/1+(
h¼ē7So¼2jļJǱ"Fbj 29j ē7 29k .@¡ʅƂ4Ėɗ.ɱɬɓƕDG(
Ar
MgO (2.0 equiv)
MeOH / EtOAc (1:4)
29



























30g: X = OAc 23%


















30j 30k 30l 30m







32n (major) b 30o 30p































	-jbj (29l) ē7 	-{Qrbj (29m) 2,-5¡ʅƂ4Ėɗ.ɱɬɓƕDG
(ɉʞ–ɉʞ«̰ʦğ4̹˜2CFMdo{QtAg{Qt4÷ɝ@ɼ˴G(-j
bj (29n) @̦ɟěʷ.EŤƜ"FaMbmSȴğɓ 32n J¡ʅƂ4Ėɗ.( 
ʨ-M\4Ȇ˫J˗+(/HȟARht.5¡ʅƂ4Ėɗ.ŤƜ"F̢̯Ąɓ 30o 
ē7 30p ƕDGF/ǣD/1+(ŴͣM\F5Ŗơ̯͠.5½Ėɗ.ŤƜ"
F̯ĄÀ 32q, 30r, ē7 32s J(Ň4ʸʵǞMZ2Ť -ǶĕƜʙ5ɋĕƜ.+(
aj|haR (29t) 2Ť -5½Ėɗ1DĕƜ ̢̯Ąɓ 30t ƕDG(<(ʸʵǞM
Z 29u Jļ̈/ (Ŀğ5̰͕̯ʞ/ļ̈/4RĕƜ×Úɬ2̠˗"F/@ǣD/1




Scheme 4.15. Ene reaction between singlet oxygen and aliphatic alkene 29u a 
a Reaction conditions: A solution of the substrate 29u (0.3 mmol), Mes–Acr+ClO4− (0.1 equiv), and MgO (2.0 equiv) in 
MeOH/EtOAc (1 mL/4 mL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with 
a fluorescent lamp. The yields were the isolated yields of the corresponding alcohols, which were prepared via reduction 
of the isolated products with PPh3 (1.0 equiv) in CH2Cl2. 
  
MgO (2.0 equiv)


























(Scheme 4.16) MZ 29v .5ɉʞ–ɉʞ«̰ʦğ4̹˜2CFcMnxp4÷ɝˣDG(
@44¡ʅƂ4Ėɗ.ŤƜ"F̢̯Ąɓ 30v ƕDG( (Scheme 4.16, eq. 1) <(MZ 29w 
2,-5āɗ˃ĕƜ̠˗"F/ǣD/1+( (Scheme 4.16, eq. 2) ǜMJĢ>M
Z 29x .@ĕƜ5̠˗"F̢̯Ąɓ 30x 4ɝƧ5½Ėɗ.EŇ4ďǚ/á2ɉʞ–ɉʞ
«̰ʦğ4̹˜2CFMdo{Qt˵ŧÀ4÷ɝɼ˴G( (Scheme 4.16, eq. 3)  
 
Scheme 4.16. Intramolecular β-alkoxy monohydroperoxide synthesesa 
a Reaction conditions: a solution of the substrate 29 (0.15 mmol), Mes– Acr+ClO4– (0.2 equiv), and MgO (2.0 equiv) in 
CH2Cl2/H2O (2.5 mL/10 µL) was stirred for 10 h under an oxygen atmosphere at room temperature during irradiation with 
a fluorescent lamp. The yields were isolated yields. 
  






Z : E = 11 : 1
Ph
30v



































 ǶĕƜ4ĕƜȑȊJʲţ"9¶4Ȝ̑ś͢J˗+( (Table 4.8)  ǭŜǹ¸.5ɱɬɓ5ß
ƕDG#ďǚįĖG( (entry 1) M]͍ĲȞ.@ɱɬɓ5ƕDG1+(bj̰
ğÀJĢ>ˠ͊1ȴğɓƕDG( (entry 2) <(ǶĕƜ5ʉȞ͍ĲȞ¡.@̠˗ ̯ʞ4ʇȈɬ1
ȵþ5ƛ͗.51/ǣD/1+( (entry 3) 1 Ɖ̲4 TEMPO Jȵþ"F/ɱɬɓ4Ėɗ5
ˌ ½ bj2 TEMPO ´þ (Ąğɓ 33a ƕDG( (entry 4) GD4Ȇ˫ʦȀ5
ĕƜʙ¡2FaaT4ɝƧJɾĪ -F 
Table 4.8. Control experiments a 
 
entry changed conditions yield (%) b 
1 Under dark condition n.r. 
2 Under an argon atmosphere n.d. 
3 Under an air atmosphere 53 
4 Added TEMPO (1.0 equiv) 17 c 
a The standard conditions are shown in Table 4.6, entry 3. b Yields were determined by 1H NMR analysis of crude reaction 
mixture using 1,1,2,2-tetrachloroethane as an internal standard. The number in parentheses is the isolated yield. c TEMPO-



















 ¶4Ȇ˫ʦȀCEǶĕƜ4ĕƜȑȊJȓ4C2ʲ-F (Scheme 4.16) ŏ?2 Mes-Acr+ 
Û2CEĀ̉ bj (29a) J͎ő̯Ą"F/.TjSaT 29a•+ ƕDGF4
TjSaT 29a•+ 2ŀļœĶht´þ"F/.aaT 34a /1Eê
őɕ̯ʞ4ƽƼ2CESV`aT 35a /1F.bj (29a) / Mes–Acr+* /4
͎őʄĂ2CEƕDG( Mes–Acr • SV`aT 35a 2͎őJȸ SV`MrS 
36a ɝƧGFʨ-4SV`MrS 36a ŀļD}oJĘėF/.ɱɬ4
xpSV`p 30a 8/ŅǅGF/ʲ-F<(ŀļ4ȵþ2C+-xpSV`p 
30a 4Ėɗġ (Ɋ2ɚɡ2,-5TPhTjS2CFSV`p 36a 4ŖŚĄ2»
SV`aT 35a DSV`p 36a 84͎őʄĂJÌ̠ -F(?/ʲ-F 
 













































 ʨ-ʏʳ5a¼4̯ĄɬtxpSV`ĄĕƜ4̹ɩ2ɵƬ (a¼ sp3 
C−H ʦğ4Û̯ĄɬxpSV`ĄĕƜʼÀ5ǟ2,ľĤG-F&4̦ɟAĖɗ2
5ǐĬ4ÂĸF (Scheme 4.17) 55 Æ6 9,10-a`MtMod (9,10-DCA) /w\o
J˨Ő/"Fʙ.5āɗ˃xpSV`pÀƕDG-F@44țƟ4ͣw\o4œ
Ķƛ͗.Eþ-ļ̈5Ċʜ1ɉĄȟʞ2̀ŚG-F (Scheme 4.17, eq. 1) 55a <(N-x
pV`{hOp (NHPI) Jðɟ"FƬȦ@FɑɩƟ4ͣMgĄğɓJaT̹ŏö/
 -ɟFƛˢF2Rje͛4C1ļ̈2Ť"F«ʝxpSV`p4ğƧ2
Ť -5Ėɗ½ (Scheme 4.17, eq. 2) 55b 
 
Scheme 4.17. Previous reports of C−H hydroperoxidation on aromatic rings 
cat. DCA, cat. paraquat
MeCN / MeOHAr













1989, Santamaria, J. et al.






 ʏʳJĢ>ɺʈY}5oR͛2Ť -MoVt (AQN) œĶ̢ø̯ĄJ̉"/
.̢T̯JƕFǜȦJ̹ɩ -F (Scheme 4.18, eq. 1) 56a <(ĮʽĄɉʞJ˨Ő/"F
a`Mrp͛4̯ĄĕƜ@ɩˣ -E&4ĕƜ/ -xpSV`pJʥɡ"FȑȊǄ
ȄG-F (Scheme 4.18, eq. 2) 56b ǜ¹˓D5Rje͛2Ť -̢ø̲4ʽĄȟʞ̯œ
ĶÛ̯ʞ̯ĄJ˗/.{Qq`|p͛JƕFǜȦJ̹ɩ ľĤ -F (Scheme 4.18, 
eq. 3) 56c GD5̢ø̯ĄJ̉"Æ.5FGD4ĕƜ4ǹ¸Jʘȁ"F/2CE a
¼ sp3 C−H ʦğ4ǛˤÛ̯ĄɬxpSV`ĄĕƜɼʋ.F4.51/ʲǶɺʈ2
ɵƬ ( 
 









2010, Tada, N. et al.


























eJ˹ȁļ̈/ -ǰ̦ǹ¸4ǁʟJ˗+( (Table 4.9) ôÆ.5T̯A 	-|ZoJ
ƕF(?ͣɆƂêőɕ̯ʞœĶ2-̯ĄJ˗+-(̢ø̯ĄJ̽ɱɬ.ʉȞ͍ĲȞ¡
2-Ȇ˫J˗// (&4ʦȀȆ˫ (#G4ʽʞȽ2-@Zo4÷ɝɼ˴Gɱ
ɬ4xpSV`p 38a 4ɝƧ5I#.+( (entries 1−4)   1D˨Ő̲4 N-|
bX`Op (NBS) Jɟ(ͅ2xpSV`p 38a £ɝƧɓ/ -ƕDG(/D
ʽʞȽJ˨Ő̲4 NBS 2ȢŚ D2ȋ1ȵþöJþF/.ĕƜƟ4ġJɱƺ"// 
( (entry 4)  






 (X equiv) 
MeCN 
(Y mL) 
1H NMR yield b 
38a 39a 
1 Br2 0 1 4 43 
2 HBr aq. 0 1 0 39 
3 MgBr2•Et2O 0 1 26 17 
4 NBS 0 1 21 7 
5 NBS 1 1 34 18 
6 NBS 1 3 37 12 
7 NBS 1 5 48 16 
8 c NBS 1 5 52 16 
9 c NBS 4 5 51 9 
10 cd NBS 4 5 63 10 
11 e NBS 1 5 trace trace 
12 f NBS 1 5 15 1 
a Reaction condition: to a mixture of ethylbenzene (37a) (0.3 mmol) and additives in MeCN, bromine source (0.1 equiv) 
was added. The reaction mixture was stirred for 20 h at a room temperature with irradiation using fluorescent lamps under 
an ambient atmosphere. b Yields were determined by 1H NMR analysis of crude reaction mixture using 1,1,2,2-
tetrachloroethane as an internal standard. c With biphenyl (0.5 equiv). d Irradiated using 470 nm LED. e With MgO (1.0 





MeCN (Y mL), r.t., 20 h Ph Me
OOH











͛4̯ĄɬğƧȦJˣé ľĤ -F (Scheme 4.19) 57 4ĕƜ5êőɕPʞ4=F5̢
̯Ąȟʞ4=4ǹ¸.5̠˗ 1+(/DɺʈʶǪ2-̘9(C1Pʞ̯ĄɓȪƟʆ/
 -Õ-FěʷƟɾĪG-F&.ǶĕƜǹ¸2-@TjSƟʽʞȽ.F NBS 
2Ť -̢̯ĄȟʞJȵþ"F/.CEͣĕƜƟJƕDGF4.51/ʲȆ˫J˗+(&
4ʦȀ̢̯ĄȟʞȟCE@ͣɆƂ,ėEƭşǤ1̢̯ĄȟʞŪʞ (H2O2Urea, 97%) JþF/
.ĕƜƟ4ġɼ˴G( (entry 5) D2Û̢̚Ɵ4ġ$Fɱɬ.ļ̈ 0.3 mmol 2Ť 
ȿŐ̲J 3 mL F5 5 mL <.ŃA"/.Ǯ2ͣĖɗ.ɱɬɓ 38a Jƕ( (entries 6, 7) ʨ
-ļ̈2Ť"F͎ő̯Ą4Ì̠JǴƐ ȋ1ȵþöJȆ˫ (ʦȀy{QrJ 0.5 Ɖ̲þ
̢̯ĄȟʞŪʞJ 4 Ɖ̲2Ń̲"F/2CEĕƜ4̨ƲƟġ"F/ǣD/1+( 
(entries 8, 9) 58 D2ÛȽJȡɟ4˔ÛɈ (£1ȧ̷5 450 nm C7 550 nm ´̗) D 470 nm 
LED 2ŅǮ"F/.NMR Ėɗ 63% .ɱɬɓ 38a JƕF/2Ƨý ( (entry 10) CEɸ
ȧ̷4@4.5Ėɗ½"F/ǣD/1+(4ɚɡ2,-5ƒ:0ʲţJ̘9Fǜ
ô̘4MZ2Ť"F̢̯ĄɓĄĕƜ4ͅ2ǰ̦.+(ŀļJ,ȵþ -=F/ĕƜƟ5
ûɬ2½"F/ǣD/1+( (entries 11, 12)  
 
Scheme 4.19. Previous work using a cationic halogen source and hydrogen peroxide 
¶4ʦȀCETable 4.9, entry 10 4ǹ¸Jǰ̦ǹ¸/ -ǶĕƜ4ļ̦̈ɟƟ2,-˹ȁJ˗
+( (Table 4.10) w¼2u[Fļ̈ 37b ē7 37c .5ĕƜ4̠˗ɼ˴G(@44ʘ




DG(ǜ.So¼2ʮǅļJƹ,ļ̈ 37f ē7 37g .5ĕƜƟ½ʽʞȽ4Ń̲AĕƜǧ̺
4Ƅ̷Jƛˢ/ (˃Ŏ1Ėɗ.ɱɬɓƕDG(<(ˀĦȳ/2So|Rj
e (37f) .5ZoÀ 39f 4ɝƧ5ɼ˴G#SoRjMrf (37g) 2,-@ŤƜ"F
ZoÀ 39g 4ɝƧ5I#.+(}ze (37h) AOf|je (37i) .@Zo
À 39h, 39i 4ɝƧƯDG(/DxpSV`p4ŖŚƟ5a¼4ĥĲ4ʋÀ͆
Ş2CF@4/ʲDGFô̘4 NHPI /MgybĄğɓJðɟ"Fʙ.5ʋÀ͆Ş4ŉļ̈2
FĕƜƟˌ ½ -E55b ʋÀɬ2ȴ=ğ+(xpSV`p4ğƧ2-@ǶƬ
Ȧ5×¼ƟJǱ"F/ʲF<(X (37j) A 2-Rjq{h (37k) @ NBS 4̲JŃA"
/2CE˃ Ŏ1Ėɗ.ɱɬɓJƕ(ŤɎɬ2Rjza (37q) ARjjS{Q (37r) .
5ďǚįĖ/1+(4ͅʊʞF5ɻͥďő̯ĄG(Ąğɓ@ƕDG1+(4ďİ/
 -GD4˅͠Ǟˠʞɛŀļ/ -ʽʞȽ/ĕƜ - <̢̯ĄȟʞʽʞȽ/ĕƜ.1
+((?/ʲ-F 
DMSO, 70 ºC












Table 4.10. Scope and limitation 
  
a Reaction condition: to a mixture of ethylbenzene derivatives (37) (0.3 mmol), H2O2•Urea (4.0 equiv), and biphenyl (0.5 
equiv) in MeCN (4 mL), a solution of NBS (0.1 equiv) in MeCN (1 mL) was added. The reaction mixture was stirred for 
20 h at a room temperature with irradiation using 470 nm LED under an ambient atmosphere. Yields were determined by 
1H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. The numbers in the 
parentheses are the isolated yields. The reaction ratios between 38 and 39 were determined by 1H NMR analysis. b With 
NBS (0.3 equiv). c For 2 d. d With NBS (0.2 equiv). 
  
  
air, 470 nm LED
biphenyl (0.5 equiv), MeCN, r.t., 20 h





































38i 50% (50%) d
38a : 39a = 6 : 1 38b : 39b = 5 : 1 38c : 39c = 8 : 1
38f only38e :  39e = 5 : 1
38d : 39d = 5 : 1
38k : 39k = 4 : 1
38h : 39h = 9 : 1
38j only
38g : 39g = 8 : 1









 ǶĕƜ4ĕƜȑȊJʲţ"9ʆ4Ȝ̑ś͢J˗+( (Table 4.11) ǰ̦ǹ¸2Ť  TEMPO J
ȵþ"F/ĕƜ5ß̠˗$#ďǚįĖG( (entry 1) 4ʦȀDǶĕƜ5aTȑȊJĢ
>/ɾĪG(<(AAĖɗ5½"F@44ȪƟUb͍ĲȞ2-@ǶĕƜ5̠˗"
F/ê+( (entry 2) 4/DʉȞ¡4̯ʞ5ǶĕƜJÌ̠"F¡ƚɬ1ƏùJƵ+
-51@4/ʲDGFǭŜǹ¸C7 NBS 1ǹ¸.5ĕƜ5ß̠˗ 1+( 
(entries 3, 4) Ǯ2̢̯ĄȟʞŪʞ4µIE2̢̯ĄȟʞȟAŪʞ4=F5ȟ4=Jɟ(Ŀğ.
@ĕƜ4̠˗ɼ˴G(a¼xpV`ĄF5ʽʞĄG(Ąğɓ 40a, 41a 4÷ɝ
ɼ˴G( (entries 5–7) ¶4ʦȀDǶĕƜ5ÛɎŦ/ NBS ƛ͗.EĕƜ4̨ƲƟ4ġ
2̢̯ĄȟʞŪʞ̻ -F/ǣD/1+( 
Table 4.11. Control experiments for the standard condition 
 
entry changed conditions 
1H NMR yield b 
38a 39a 40a 41a 
1 Added TEMPO (0.1 equiv) 0 0 0 0 
2 Under Ar 46 11 0 0 
3 In the dark 0 0 0 0 
4 Without NBS 0 0 0 0 
5 Added 30% H2O2 aq. (4.0 equiv) instead of H2O2•Urea 38 12 0 3 
6 Added Urea (4.0 equiv) instead of H2O2•Urea 32 8 3 4 
7 Added H2O (120 µL) instead of H2O2•Urea 35 30 2 8 
a Standard condition: to a mixture of ethylbenzene (37a) (0.3 mmol), H2O2•Urea (4.0 equiv), and biphenyl (0.5 equiv) in 
MeCN (4 mL), a solution of NBS (0.1 equiv) in MeCN (1 mL) was added. The reaction mixture was stirred for 20 h at a 
room temperature with irradiation using fluorescent lamps under an ambient atmosphere. b Yields were determined by 1H 
NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane as an internal standard. 
  
air, fluorescent lamp

























G-F&4(?ǶĕƜ2-54 NBS /̢̯ĄȟʞŪʞ4ˠğÀÛ˨Ő/ -ĕƜ2̻
 -FěʷƟʲDGF&.4ȪƟʆ2,-ɷˣJƕF(?¶4Ȇ˫J˗+( (Scheme 
4.20) Table 4.9, entry 1 4ǹ¸/&2̢̯ĄȟʞŪʞJþ(ǹ¸/.ĕƜJ˗&4ɝƧɓJ˲
ʡ2ɼ˴ (/Hũ1/@xpSV`p 38a C7Zo 39a ¶ņ2M\ 40a /
ʽʞĄÀ 41a ÷ɝ -F/ê+( (eq. 1) ʽʞĄÀ 41a 2,-5̢̯Ąȟʞ/4Ƞȃʮ
ǅĕƜ2CE̢̯Ąɓ 38a JɝƧ"F/©ƢGF&.ʽʞĄÀ 41a Jļ̈/ -ɟ˔ Û




<( Table 4.9 2-ÛȽJɸȧ̷ (390 nm) 2ŅǮ"F/Ėɗ½"F/J̘9(4
ǧ{Qq`|p (42a)  10% 4Ėɗ.÷ɝ"F/@ɼ˴G-F (Scheme 4.20, eq. 3) 
G5þ( NBS 4ʽʞďőß-ȱ̆G(/Jɾ -Eʽʞďő̢̯Ąȟʞ/ĕƜ.1
1F/.ɱɬɓ4Ėɗ½ (/ʲFD2T̯ 43a 4ɝƧ˦ȻG(/A
êőɕʽʞ 390 nm ´̗2Û4ȈŉģĖJǱ -F/J̎<F/êőɕʽʞ4ÛģĖ2CE
ɝƧ (ʽʞaT4C1÷ĕƜJƆ̉ (@4/ƞIGF19b, 56c 
 
Scheme 4.20. Control experiments using molecular bromine and a brominated substrate a 























MeCN (5 mL), r.t., 20 h
Br
41a (0.3 mmol)














75% 7% 1% 1% 0%





















þ-ʽ ʞĄÀ 41a 5êőɕʽʞ¶ņ.5ȓ­ʽʞ̯ (BrOH) ɝƧ (Ŀğ2ƕDGFĄğɓ.
Eǰ̦ǹ¸2-ʽʞĄÀ 41a ɝƧG1+(/J̎<F/ȓ­ʽʞ̯a¼
J̯Ą -F/@ʲ•59 "1I*GD4ʦȀ5TjSƟʽʞȽ/̢̯ĄȟʞŪʞ2C+
-ƕDGF BrOOH 4C1ˠğÀȪƟʆ/1EǶĕƜJ̉ -F/JɾĪ -F<(
Table 4.8, entries 5–7 4Ȝ̑ś͢2-̢̯ĄȟʞŪʞ¶ņ4ȵþöJþ(ͅ2M\À 40a 
/ʽʞĄÀ 41a ÷ɝG(Ɋ2,-5ĕƜʙ¡. NBS /ȵþöF5ʉȞ¡2Ģ<GFȟ
ĕƜ"F/.ȓ­ʽʞ̯ɝƧ 4ȓ­ʽʞ̯Rje (37a) /ĕƜ (/2CF@
4/ʲ-F59 













ɟǴƐG-FƬȦ.FÆ6¹˓D5ô̘4 sp3 C−H ̯ĄȦJĢ?ȋ1˅͠ɛj
ļF5jļ2Ť"Fě˥Û/˨Ő2CFÛ̯ʞ̯ĄĕƜJ̹ɩ ľĤ -F (Scheme 
4.21) 19, 22a <(ʏʳ@˄ʞʙǱȑêőÛ˨Ő.Fj|Jðɟ"FȪƟj̫¼4




Scheme 4.21. Selected previous reports of oxidation of methyl groups on aromatic rings 
 
Scheme 4.22. Previous work of oxidation of methylene groups using methylene blue 
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{Zbo/5{b\4C1įêǌÃ (vkjǌÃ) 2CFĕƜ/5ɥ1E̟ʨ
ɬ1ȲÀAȞÀ4ȫG ({ǌÃ) 4¡.ĕƜ$FĄŔ4/.F{ǌÃ5ĄŔğƧ2
-˂ɬ2ðɟG-FȌĺĕƜĭ).1ʒĺĕƜĭJðɟ.F/ɔƙJƹ+-F






































ɗ4˃ğƧȦ4̹ɩ2Š.F/ -å˰ÉJĘ-FƮ˘.F62 śͅ2{OXͦ 




















ɟF/2 ( (Figure 4.4) ĕƜjk}5Ub˟.Figure 4.4 (a) 2ɾ"C1Ɗɕͦ ßÀ570 mm 
 50 mm .ͧEȫ̫̍ê5 50 mm  50 mm 4ŉ.Fȫ̍4Ɗɕ5ż 500 µmȳ 300 
µm̷ 2400 mm.FÛɎŦǧ4ĕƜ˝ʮ4ȋő5 Figure 4.4 (b) 4̜E.jk}2Ť -
D LED 4ÛJɎŦ -F<( Figure 4.4 (c) 25̯ʞ 0.1 MPa̷ͦʡɳͧĕƜȿȲ 5 L 
/minͦɸɳͧ4ǹ¸jk}ã2-ƊƧG(Ȟɳ/Ȳɳ/4ȴŭȫ (bYȫ) 4ȋőJɾ -
F         
 






 4{OXMXhJɟ-oR͛ 44 4̯ĄĕƜ2,-Ȇ˯J˗+(˹ ȁļ̈
2 4-h`|joR (44a) Jɟ0.1 Ɖ̲4 2-h`|jMoVt (2-
tBu−AQN) JĢ> 0.5 mol/L 4̭̯RjȿȲJ˹˟ (1ôÆ2-ǰ̦1Û˨Ő5 2-X
MoVt (2-Cl–AQN) .+(ȿ˧Ɵ½+((?ǶȆ˫2-5 2-tBu–AQN J˨
Ő2ɟF// (22a 4ĕƜȿȲJʘš`a}.ŧÞ̝ƂJñƖ 1D0.1 MPa 4
ʜ̯ʞ/á2{OXMXh4Ubjk}ã4 Y Œĺȫ̍2ĞŧÞ bYȫJƊƧ
$(4bYȫ2Ť -Ubjk}˚͑ 1 mm 4̌͋D 375 nm LED 4ʠņÛJɎŦͦ ʩ
éü 11.4 Wͧ ĕƜJ˗+( (Table 4.12) その結果ǟœ4ĕƜşĭ (¶vkjĕƜĭ) ¡.5 0.3 
mmol ɆƂ 0.06 mol/L 4oR 44a J̯Ą"F42 10 ǧ̺¶+-(Ƕ{OX
MXhJɟ(ǹ¸.5Ġ!̲4ļ̈JCEɸǧ̺.̯Ą.F/ǣD/1+( (entries 
1−3) <(2ɾ (ĕƜǧ̺5ßļ̈ͦ0.3 mmolͧJȱ̆"F42ˢ"Fǧ̺.Ejk}ȫ
̍ã.4Ɂɣǧ̺"1I*ś̈4ĕƜǧ̺5I# 1−2 ê.F4C2vkjĺĕƜĭ/Ȝ
̑ -{OXMXhJɟF/ŉż1ĕƜƟ4ġɼ˴G(ɔ2ȫ̝ 5 µL/min . 
2 ǧ̺- 0.3 mmol 4ļ̈Jȫ"ǹ¸ǰ@āɗ˃ŤƜ"FŖơ̯͠ 45a JƕF/.((
?GJǶ{˝ʮ2Fǰ̦ǹ¸/ ( (entry 2)  
Table 4.12. Optimization of the reaction condition a 
 
entry flow rate (µL/min) time (h) yield (%) b 
1 2 5 76 
2 5 2 83 
3 10 1 70 
4 c – 10 32 
a Reaction condition: a 0.5 mol/L solution of 4-tert-butyltoluene (44a) and 2-tBu-AQN (0.1 equiv) in EtOAc was introduced 
into one of the channels by using a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced into the 
second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of the glass 
chip to form a slug flow. Light (375 nm) from an LED array (sum: 11.4 W) was used to irradiate the slug flow from a 
distance of 1 mm from the chip surface. b 1H NMR yields determined by 1,1,2,2-tetrachloroethane. c The reaction was 
performed under the batch condition reported by Tada et al. (ref. 22a) 
  
















5F@44͎ őÇļ͎ őȠƆļ4Ǳɋ2ID##G4oR˵ŧÀ 44 2,-@ĕƜ
ǧ̺4ɸʬ2Ƨý ( 
Table 4.13. Substrate scope of the oxidation using flow micro reactor a 
  
a Reaction condition: a 0.5 mol/L solution of toluene (44) and 2-tBu-AQN (0.1 equiv) in EtOAc was introduced into one 
of the channels in 5 µL/min flow rate by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa, 0.35 mL/min) was 
introduced into the second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the 
channel of the glass chip to form a slug flow. Light (375 nm) from an LED array (sum: 11.4 W) was used to irradiate the 
slug flow from a distance of 1 mm from the chip surface. 1H NMR yields determined by 1,1,2,2-tetrachloroethane. The 
numbers in parentheses are 1H NMR yields under a batch condition. b The flow rate was 10 µL/min. 
  





0.5 mol/L EtOAc solution Ar
CO2H
CO2H
45b 48%, 2 h
(58%, 24 h)
CO2H








45d 30%, 2 h
(68%, 36 h)











 さらなる量産化を見据え、100 mm x 100 mm の大型ガラスチップ（流路幅 500 mȳ 300 m
̷ 9600 mmͧ2Ť -@Ġȋ2Ȇ˫J˗+( (Figure 4.5, Table 4.14) ŉĺjk}ɟ4 375 nm LED Ɏ
Ŧĭ2,-5CEɎŦʔĲ4ƀ@4 (ʩéü 18.1 W) Jɟƣ (&4ʦȀI# 3 ê4ĕƜ
ǧ̺.@Ŗơ̯͠Jʛ 0.15 mmol ğƧ.F/ǣD/1+( (entry 4) G5ͪǠ4ɝɞ̲2ǅ




Figure 4.5. A 100 mm x 100 mm glass chip for the flow micro reactor 
Table 4.14. Scale-up for the photo-oxidation a 
 
entry flow rate of sol. (µL/min) flow rate of O2 (mL/min) time (min) yield (%) b 
1 40 1.4 15 75 
2 80 2.8 7.5 61 
3 120 5.6 5 51 
4 200 7.0 3 49 
a Reaction condition: a 0.5 mol/L solution of 4-tert-butyltoluene (44a) and 2-tBu-AQN (0.1 equiv) in EtOAc was introduced 
into one of the channels by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced into the second 
channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of the glass chip to 
form a slug flow. Light (375 nm) from an LED array (sum: 18.1 W) was used to irradiate the slug flow from a distance of 



















4ñƖ@˂ɬ25ı•.FÆ6AQN JɟFOi (44f) D 1-Oit (45f) 84Û
̯ʞ̯ĄĕƜ2-ĕƜʼÀ5̠˗"F@44ȋ1÷ɝɓ4ɝƧɼ˴Gǰŉ 60% ʅƂ4Ė
ɗ. ɱɬɓJƕF/5.1/ʏʳD4Ȇ˫.ǣD/1+-F (The data wasn’t 
shown.) G5ĕƜǧ̺̷(?2ĕƜʙ¡.ǡɝƧ (ͪͩOit (44f) Û̯ʞ̯Ąĕ
Ɯǹ¸2ǨGʨ(ʦȀ1-Oit (45f) 4̢ø̯Ą2CF 1,3-OiaS4ɝƧA Baeyer

Villiger ̯ĄD25̹ɛ/+(ȋ1÷ĕƜ̉F(?/ʲ-F&.ʏʳ5̯Ąĕ
Ɯ2C+-ɝƧ ( 1-Oit (45f) J̝A2ĕƜʙņ8̙é"/.G64ī͚J˧Ȣ
.F/ʲ{OXMXhJðɟ"FOi (44f) 4̯Ąǹ¸4ʘȁJ˗+( (Table 
4.15) 1ĕƜȿȲ4ȫ̝5`a}̯ʞȫ̲5b{h2CE˹ǖJ˗+( 






yield of 1-indanone 
(%) b 
recovery of 
indane (%) b 
1 0.02 0.25 43 48 
2 0.03 0.25 50 44 
3 0.04 0.25 56 37 
4 0.06 0.25 64 33 
5 0.08 0.25 70 31 
6 0.10 0.25 74 11 
7 0.12 0.25 80 12 
8 0.20 0.35 74 12 
9 c 0.20 0.50 83 10 
a Reaction condition: a 0.4 mol/L solution of indane (44f) and 2-tBu-AQN (0.1 equiv) in EtOAc was introduced into one 
of the channels in 10 µL/min flow rate by a syringe pump. Simultaneously, molecular oxygen (0.1 MPa) was introduced 
into the second channel from a gas cylinder controlled by a mass flowmeter. Both streams were mixed in the channel of 
the glass chip to form a slug flow. Light (375 nm) from an LED array (sum: 18.1 W) was used to irradiate the slug flow 
from a distance of 1 mm from the chip surface. The total reaction time was 80 min. b GC yields determined by heptadecane 








0.4 mol/L, 80 min






 ŏ?2̢øĕƜ4ƯñJǴƐ ˨Őの 2-tBuAQN J 0.02 equiv 2ȷD (ǹ¸DȆ˫J˗+(
&4ʦȀ÷ɝƧɓ4ɞɝ5ƯDG(ďǚŇįĖG( ͦentry 1  ͧ&4ƒ4Ȇ˫2CE˨
Ő̲4Ńþ2» 1-Oit (45f) 4Ėɗġ ˨Ő̲J 0.12 Ɖ̲/ (ͅ2ǰ@˃Ŏ1 80% 
4Ėɗ.ɱɬɓƕDG( (entries 2−7) ĕƜƟ4ġJǴƐ ˨ Ő̲J 0.20 Ɖ̲̯ ʞȫ̲J 0.35 
mL/min <.ŃA (/H÷ĕƜɼ˴GĖɗ4ȷũˣDG( (entry 8) D1FĕƜ4āɗ
ĄJɱƺ Ȇ˫ (ʦȀentry 9 4ǹ¸2-ʩĕƜǧ̺ 40 êĖɗ 83% .ɱɬɓJƕF/2
Ƨý (ǶĕƜǹ¸.5÷ɝƧɓJ:/K0ɝƧ"F/1ͣĖɗC7˃Ŏ1mMv
b.ɱɬɓJƕF/ěʷ.F 









¶ʏʳ5a¼ sp3 C–H 4Û̯ĄȦ4̹ɩ/&GJƜɟ (̢̯ĄɓğƧ& -a
























































CHCl3 (5 mL), 60 ºC









































air, 470 nm LED
cat. NBS, H2O2•Urea (4.0 equiv)
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ʎĮʌʎ«ʓ4ɺʈ5 JSPS ɔïɺʈĩōĀ̆ (17J06537) 2CFƖǏǇJĘ(@4.E̻ Ë
ʳ4ɭȋǜ2ƚCEȳ˽( <" 
ʎĮʌʎ×ʓ4ɺʈ2̻̟ {OXMXhJ̅ -͔< (nXdMcȂ
ƅºɿ2Ƥ˽4ƣJ˚ <"þ-ś͢2ͅ ƖĉüƖ˫˺͔< (Ġɿ¢ʰă¦ȝ2Ƥ˽
ʿ <" 
 ØʞêǽC7bbXo4ȻŚJ -͔< (ů̼˒ʃŉŔȑĭdhǾ͈őȝĽɠ
ʯǥȝ2Ƥ˽ʿ <" 




































`T[25Silica Gel 60N (̻ǻĄŔ, 40−50 µm, əɕ, ¡Ɵ)C7 YMC-GEL SIL 8 nm S-25 um 
(SLF 08S25)Jɟ(TLCêǽ25 silica gel 60 F254 (Merck, 0.25 mm)Jɟ(1H NMR, 13C NMR ē7 
19F NMR5 JEOL ECA 500 spectrometer (500 MHz for 1H NMR, 125 MHz for 13C NMR, 470 MHz for 19F NMR)
C7 JEOL AL 400 spectrometer (400 MHz for 1H NMR, 100 MHz for 13C NMR).ȻŚ (1H NMR4Ą
Ŕ`{oÑ5̰X¡2-5Me4Si (0.00 ppm) J̰ DMSO¡2-5αœ DMSO (2.5 
ppm) Jã̫ȍȾɓ̈/ - ppm Ċ¼.˚ɾ (13C NMR .5ȿŐ4ģĖ (77.0 ppm/CDCl3, 39.5 
ppm/DMSO-d6) Jã̫ȍȾɓ̈/ - ppmĊ¼.˚ɾ (bbXoē7ͣê˧bbXo
5 JEOL JMS-T100TD.ȻŚ (˕Ɋ5 YanacoƘ̲˕ɊȻŚ˝ʮ.ȻŚ (ͦǵ˞ȕÑ ͧIRbXo
5 Perkin Elmer Spectrum 100 FTIR spectrometerJɟ-ȻŚ (Øʞêǽ5ů̼˒ʃŉŔȑĭ
dh2È͙ ( 











aM 1 (0.15 mmol) /˅͠ǞMnxp 2 (0.15 mmol) 4 3 mL ̭̯RjȿȲJM]͍ĲȞ
¡30 êǎƶ (&2PĄYs`P (0.050 equiv) 4 2 mL ̭̯RjȿȲJþ̯ ʞ͍Ĳ
Ȟ¡˔ÛɈ (23 W Twist lamp from Osram Sylvania Inc.) D4ÛɎŦŜȺ. 6 ǧ̺ǎƶ (ƕD
G(ĕƜȴğɓJʛ 20 mL 4͞ħjSɻ̯qoPȟȿȲ.ȩȬ êȲ (ƒǱȑŭJɻ̯qo
P2C+-§ɐ$ɇ̢ (&4ƒHȲJRvh2C+-ȷĵ§ɐ$F/.ʗ
ɝƧɓJƕ(GJ 1,1,2,2-moXRh/ȴğ 1H NMR êǽ2F}oȜD NMR 
ĖɗJʑé (ʨ-ʗɝƧɓJêėɟːŭXoY{N (CHCl3 : MeOH = 98 : 2) 2CEʘ
˟ 2-MgMg (3) Jƕ( 
 
2-Phenylbenzimidazole (3aa)67a (Table 3.1) 
ļǶƬ͖2CEğƧĖɗ 93%, Rf = 0.4 (CHCl3 : MeOH = 98 : 2), 1H NMR (400 MHz, DMSO-d6) δ 8.16 (d, J 
= 7.2 Hz, 2H), 7.68-7.60 (m, 1H), 7.58-7.43 (m, 4H), 7.22-7.14 (m, 2H); 13C NMR (100 MHz, DMSO-d6) δ 151.2, 
143.8, 135.0, 130.2, 129.9, 129.0, 126.5, 122.6, 121.7, 118.9, 111.3. 
 
1-Benzyl-2-phenylbenzimidazole (4aa)67b (Table 3.1)  
1,2-{QraM (1a, 0.3 mmol) /cMnxp (2a, 0.3 mmol) 4 3 mL ̭̯RjȿȲJ
M]͍ĲȞ¡30 êǎƶ (&2êőɕPʞ (0.05 equiv) 4 2 mL ̭̯RjȿȲJþ
̯ʞ͍ĲȞ¡˔ÛɈD4ÛɎŦŜȺ. 6 ǧ̺ǎƶ (ƕDG(ĕƜȴğɓJʛ 20 mL 4͞
ħjSɻ̯qoPȟȿȲ.ȩȬ êȲ (ƒǱȑŭJɻ̯qoP2C+-§ɐ$ɇ̢ 
(&4ƒHȲJRvh2C+-ȷĵ§ɐ$F/.ʗɝƧɓJƕ(ʨ-ʗɝƧɓ
JêėɟːŭXoY{N (CHCl3 : MeOH = 99 : 1) 2CEʘ˟ 1-benzyl-2-phenylbenzimidazole 
(4aa) Jƕ(Ėɗ 7%, Rf = 0.1 (CHCl3 : MeOH = 99 : 1), 1H NMR (400 MHz, DMSO-d6) δ 7.74-7.72 (m, 3H), 
7.54-7.52 (m, 3H), 7.47-7.45 (m, 1H), 7.30-7.21 (m, 5H), 6.99 (d, J = 6.8 Hz, 2H), 5.58 (s, 2H); 13C NMR (100 MHz, 
DMSO-d6) δ 153.3, 142.7, 136.9, 135.9, 130.1, 129.8, 129.0, 128.8, 127.5, 126.1, 122.7, 122.2, 119.3, 111.1, 47.4. 
 
2-(4-Methylphenyl)benzimidazole (3ab)67a (Table 3.2)  
ļǶƬ͖2CEğƧĖɗ 80%, Rf = 0.5 (CHCl3 : MeOH = 98 : 2), 1H NMR (400 MHz, DMSO-d6): δ 8.08 (d, 
J = 7.4 Hz, 2H), 7.69-7.49 (m, 2H), 7.35 (d, J = 7.4 Hz, 2 H), 7.20-7.18 (m, 2 H), 2.37 (s, 3H); 13C NMR (100 MHz, 




2-(4-tert-Butylphenyl)benzimidazole (3ac)67c (Table 3.2) 
ļǶƬ͖2CEğƧʗɝƧɓ5êėɟːŭXoY{N (CHCl3 : MeOH = 97 : 3) 2CEʘ˟ 
Ėɗ 68%, Rf = 0.5 (CHCl3 : MeOH = 97 : 3), 1H NMR (500 MHz, DMSO-d6) δ 8.12 (d, J = 8.3 Hz, 2H), 7.70-7.51 
(m, 2H), 7.56 (d, J = 8.3 Hz, 2H), 7.22-7.16 (m, 2H), 1.32 (s, 9H); 13C NMR (100 MHz, DMSO-d6) δ 152.6, 151.3, 
127.4, 126.2, 125.7, 122.0, 34.6, 31.0. 
 
2-(4-Chrolophenyl)benzimidazole (3ad)67a (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 97%, Rf = 0.2 (CHCl3 : MeOH = 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.18 (d, J 
= 8.6 Hz, 2H), 7.68-7.62 (m, 3H), 7.53 (d, J = 7.5 Hz, 1H), 7.23-7.20 (m, 2H); 13C NMR (100 MHz, DMSO-d6) δ 
150.2, 143.7, 135.0, 134.5, 129.1, 128.2, 122.8, 121.9, 119.0, 111.5. 
 
2-(4-Hydroxyphenyl)benzimidazole (3ae)67d (Table 3.2) 
ļǶƬ͖2CEğƧʘ˟5ļǶƬ͖2Ɣ+-˗Ėɗ5ƕDG(ɱɬɓJĢ>ȴğɓ4 1H NMR Ȝ
Dʑé (Ėɗ 79%, Rf = 0.1 (CHCl3 : MeOH = 98 : 2), 1H NMR (major, 500 MHz, DMSO-d6) δ 9.95 (br, 
1H), 7.99 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 7.4 Hz, 1H), 7.46 (d, J = 6.9 Hz, 1H), 7.16-7.13 (m, 2H), 6.90 (d, J = 8.0 
Hz, 2H); 13C NMR (major, 125 MHz, DMSO-d6) δ 159.1, 151.8, 143.9, 128.1, 121.9, 121.3, 121.1, 118.3, 115.7, 
110.9. 
 
2-(4-Methoxyphenyl)benzimidazole (3af)67a (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 77%, Rf = 0.3 (CHCl3 : MeOH 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.12 (d, J = 
8.9 Hz, 2H), 7.56 (br, 2H), 7.18-7.15 (m, 2H), 7.11 (d, J = 8.9 Hz, 2H), 3.84 (s, 3H); 13C NMR (100 MHz, DMSO-
d6) δ 160.6, 151.4, 146.1, 128.0, 122.7, 121.8, 114.4, 55.4. 
 
2-(4-Trifluoromethylphenyl)benzimidazole (3ag)67e (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 80%, Rf = 0.4 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6) δ 8.39 (d, J = 
8.2 Hz, 2H), 7.92 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 7.2 Hz, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.31-7.20 (m, 2H); 13C NMR 
(100 MHz, DMSO-d6) δ 149.6, 143.7, 135.1, 134.0, 133.9, 129.5 (q, J = 32.1), 126.9, 126.0 (d, J = 3.6), 124.2 (q, J 
= 270.7), 123.2, 122.1, 119.3, 111.7. 
 
2-(4-Cyanophenyl)benzimidazole (3ah)67f (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 77%, Rf = 0.2 (CHCl3 : MeOH 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.34 (d, J = 
8.2 Hz, 2H), 8.01 (d, J = 8.2 Hz, 2H), 7.76-7.53 (m, 2H), 7.31-7.21 (m, 2H); 13C NMR (125 MHz, DMSO-d6) δ 149.4, 
143.8, 135.2, 134.3, 133.0, 127.0, 123.4, 122.2, 119.4, 118.6, 111.9. 
 
2-(4-Nitrophenyl)benzimidazole (3ai)67g (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 71%, Rf = 0.0 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6) δ 8.43-8.38 
(m, 4H), 7.69-7.61 (m, 2H), 7.28-7.23 (m, 2H); 13C NMR (125 MHz, DMSO-d6) δ 149.0, 147.8, 143.9, 136.0, 135.2, 




2-(3-Methylphenyl)benzimidazole (3aj)67g (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 87%, Rf = 0.3 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6) δ 8.03 (s, 1H), 
7.97 (d, J = 7.5 Hz, 1H), 7.65-7.52 (m, 2H), 7.43 (t, J = 7.5 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.20-7.19 (m, 2H), 
2.41 (s, 3H); 13C NMR (125 MHz, DMSO-d6) δ 151.9, 144.3, 138.7, 135.5, 131.0, 130.6, 129.4, 127.5, 124.1, 123.0, 
122.2, 119.3, 111.8, 21.6. 
 
2-(3-Methoxyphenyl)benzimidazole (3ak)67h (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 71%, Rf = 0.3 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6) δ 7.81-7.78 
(m, 2H), 7.72-7.52 (m, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.26-7.19 (m, 2H), 7.10-7.07 (m, 1H), 3.89 (s, 3H); 13C NMR 
(100 MHz, DMSO-d6) δ 159.6, 151.1, 143.8, 134.9, 131.5, 130.1, 122.7, 121.7, 118.7, 115.9, 111.4, 55.3. 
 
2-(2-Methylphenyl)benzimidazole (3al)67g (Table 3.2)  
ļǶƬ͖2CEğƧĖɗ 91%, Rf = 0.8 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6): d 7.76 (d, 
J = 4.0 Hz, 1H), 7.61 (s, 1H), 7.39 (s, 3H), 7.22-7.20 (m, 2H), 2.60 (s, 3H); 13C NMR (100 MHz, DMSO-d6): d 152.3, 
137.3, 131.7, 129.8, 129.6, 126.3, 122.2, 21.2. 
 
4-Methyl-2-phenylbenzimidazole (3ba)67i (Table 3.2)  
ļǶƬ͖2CEğƧĖɗ 90%, Rf = 0.3 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, DMSO-d6): d 8.21 (d, J 
= 8.0 Hz, 2H), 7.56-7.39 (m, 4H), 7.05 (dd, J = 8.0, 4.0 Hz, 2H), 2.57 (s, 3H); 13C NMR (125 MHz, DMSO-d6): d 
154.1, 141.0, 130.96, 130.0, 129.2, 126.3, 122.4, 17.1. 
 
5-Methyl-2-phenylbenzimidazole (3ca)67j (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 75%, Rf = 0.8 (CHCl3 : MeOH 98 : 2), 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.5 
Hz, 2H), 7.54-7.44 (m, 4H), 7.01 (d, J = 8.0 Hz, 1H), 2.41 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 150.9, 131.7, 
130.4, 129.7, 129.0, 126.4, 123.6, 118.4, 111.1, 21.4. 
 
5-Bromo-2-phenylbenzimidazole (3da)67k (Table 3.2) 
ļǶƬ͖2CEğƧĖɗ 86%, Rf = 0.2 (CHCl3 : MeOH 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.16 (d, J = 
8.6 Hz, 2H), 7.85-7.70 (m, 1H), 7.61-7.48 (m, 4H), 7.33 (d, J = 8.0 Hz, 1H); 13C NMR (125 MHz, DMSO-d6): δ 
152.5, 145.3, 142.8, 136.3, 134.1, 130.3, 129.6, 129.0, 126.6, 125.0, 121.2, 120.6, 114.0, 113.2. 
 
5-Methoxy-2-phenylbenzimidazole (3ea)67k (Table 2) 
ļǶƬ͖2CEğƧĖɗ 89%, Rf = 0.4 (CHCl3 : MeOH 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.13 (d, J = 
7.4 Hz, 2H), 7.55-7.46 (m, 4H), 7.08 (brs, 1H), 6.84 (dd, J = 8.6, 2.3 Hz, 1H), 3.80 (s, 3H); 13C NMR (125 MHz, 




Synthesis of 5-nitro-2-phenylbenzimidazole (3ea)67j (Table 2): 4-ro-1,2-{QraM (1e, 0.15 
mmol) /˅͠ǞMnxp (2a, 0.15 mmol) 4 3 mL ̭̯RjȿȲJM]͍ĲȞ¡30 êǎƶ 
(&2êőɕPʞ (0.20 equiv) 4 2 mL ̭̯RjȿȲJþ̯ ʞ͍ĲȞ¡˔ ÛɈD4ÛɎ
ŦŜȺ. 20 ǧ̺ǎƶ (ƕDG(ĕƜȴğɓJʛ 20 mL 4͞ħjSɻ̯qoPȟȿȲ.ȩ
Ȭ êȲ (ƒǱȑŭJɻ̯qoP2C+-§ɐ$ɇ̢ (&4ƒHȲJRvh
2C+-ȷĵ§ɐ$F/.ʗɝƧɓJƕ(ʨ-ʗɝƧɓJêėɟːŭXoY{N
 (CHCl3 : MeOH = 98 : 2) 2CEʘ˟ 5-nitro-2-phenylbenzimidazole (3ea) Jƕ(Ėɗ 57%, Rf = 0.1 
(CHCl3 : MeOH = 98 : 2), 1H NMR (500 MHz, DMSO-d6) δ 8.56-8.33 (m, 1H), 8.22-8.20 (m, 2H), 8.13-8.11 (m, 
1H), 7.75 (m, 1H), 7.62-7.55 (m, 3H); 13C NMR (125 MHz, DMSO-d6) δ 155.5, 142.7, 131.0, 129.2, 129.0, 127.0, 
118.0, 114.7, 111.9. 
 
Synthesis of 2-phenylbenzothiazole (3fa)67b (Scheme 3): 2-MtejS (1e, 0.15 mmol) /
cMnxp (2a, 0.15 mmol) 4 3 mL ̭̯RjȿȲJM]͍ĲȞ¡30 êǎƶ (&2ê
őɕPʞ (0.050 equiv) 4 2 mL ̭̯RjȿȲJþ̯ʞ͍ĲȞ¡˔ÛɈD4ÛɎŦŜȺ
. 20 ǧ̺ǎƶ (ƕDG(ĕƜȴğɓJʛ 20 mL 4͞ħjSɻ̯qoPȟȿȲ.ȩȬ êȲ
 (ƒǱȑŭJɻ̯qoP2C+-§ɐ$ɇ̢ (&4ƒHȲJRvh2C+-
ȷĵ§ɐ$F/.ʗɝƧɓJƕ(ʨ-ʗɝƧɓJêėɟːŭXoY{N (Hexane : 
EtOAc = 8 : 2) 2CEʘ˟ 2-phenylbenzothiazole (3fa) Jƕ(Ėɗ 87%, Rf = 0.6 (Hexane : EtOAc = 8 : 
2), 1H NMR (500 MHz, CDCl3) δ 8.11-8.07 (m, 3H), 7.90 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 4H), 7.40-7.37 (m, 1H). 





ļǶƬ͖ͬ2-MtcMp (10, 0.3 mmol)˅͠ǞMnxp 2 (0.3 mmol)êőɕPʞ (0.05 
equiv) 4 5 mL ̭̯RjȿȲJ̯ʞ͍ĲȞ¡˔ÛɈ (23 W Twist lamp from Osram Sylvania Inc.) 
D4ÛɎŦŜȺ.ǎƶ (ƕDG(ĕƜȴğɓJRvh2C+-ȷĵ§ɐ$F/
.ʗɝƧɓJƕ(GJ 1,1,2,2-moXRh/ȴğ 1H NMR êǽ2F}oȜD 
NMR ĖɗJʑé (ʨ-ʗɝƧɓJêėɟːŭXoY{N (CHCl3 : MeOH = 9 : 1) 2C
Eʘ˟ 2-M-4-Vqgt 11 Jƕ( 
 
2-phenyl-4-quinazolinone (11a)68a (Table 3.4) 
ļǶƬ͖2CEğƧĕƜǧ̺ 1 ǧ̺Ėɗ 86%, 1H NMR (500 MHz, DMSO-d6) δ 12.55 (br, 1H), 8.19-8.15 




2-(4-tolyl)-4-quinazolinone (11b)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 5 ǧ̺Ėɗ 76%, 1H NMR (500 MHz, DMSO-d6) δ 12.47 (br, 1H), 8.15 (d, 
J = 8.0 Hz, 1H), 8.10 (d, J = 8.0 Hz, 2H), 7.83 (t, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 
7.36 (d, J = 8.0 Hz, 2H), 2.39 (s, 3H). 
 
2-(3-tolyl)-4-quinazolinone (11c)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 10 ǧ̺Ėɗ 93%, 1H NMR (500 MHz, CDCl3) δ 10.79 (br, 1H), 8.24 (d, J 
= 8.0 Hz, 1H), 7.80 (d, J = 3.4 Hz, 2H), 7.57 (d, J = 6.9 Hz, 1H), 7.51-7.48 (m, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.36-
7.34 (m, 2H), 2.52 (s, 3H). 
 
2-(4-hydroxyphenyl)-4-quinazolinone (11d)68c (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 5 ǧ̺Ėɗ 80%, 1H NMR (500 MHz, DMSO-d6) δ 12.31 (br, 1H), 10.19 (s, 
1H), 8.12-8.07 (m, 3H), 7.79 (t, J = 7.7 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 6.90 (d, J = 7.8 
Hz, 2H). 
 
2-(4-methoxyphenyl)-4-quinazolinone (11e)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 1 ǧ̺Ėɗ 75%, 1H NMR (400 MHz, CDCl3) δ 8.33-8.31 (m, 1H), 7.88-
7.80 (m, 2H), 7.72-7.66 (m, 2H), 7.55-7.47 (m, 2H), 7.15-7.13 (m, 1H), 5.96 (s, 1H), 3.96 (s, 3H). 
 
2-(3-methoxyphenyl)-4-quinazolinone (11f)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 1 ǧ̺Ėɗ 81%, 1H NMR (500 MHz, CDCl3) δ 10.72 (br, 1H), 8.32 (d, J 
= 8.0 Hz, 2H), 7.85-7.79 (m, 2H), 7.73-7.69 (m, 2H), 7.52-7.46 (m, 1H), 7.13 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H). 
 
2-(4-tert-butylphenyl)-4-quinazolinone (11g)68a (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 3 ǧ̺Ėɗ 83%, 1H NMR (500 MHz, CDCl3) δ 11.80 (br, 1H), 8.34 (d, J = 
8.0 Hz, 1H), 8.21 (d, J = 8.0 Hz, 2H), 7.84-7.78 (m, 2H), 7.59 (d, J = 8.6 Hz, 2H), 7.50 (t, J = 8.0 Hz, 1H), 1.39 (s, 
9H). 
 
2-(4-fluorophenyl)-4-quinazolinone (11h)68a (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 15 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 85%, 
1H NMR (500 MHz, DMSO-d6) δ 12.58 (br, 1H), 8.25 (dd, J = 5.4 Hz, 8.6 Hz, 2H), 8.15 (d, J = 7.5 Hz, 1H), 7.84 (t, 
J = 8.6 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.39 (t, J = 8.8 Hz, 2H). 
 
2-(4-chlorophenyl)-4-quinazolinone (11i)68a (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 15 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 88%, 
1H NMR (500 MHz, DMSO-d6) δ 12.61 (br, 1H), 8.21-8.15 (m, 3H), 7.85 (t, J = 8.0 Hz, 1H), 7.75 (d, J = 8.6 Hz, 




2-(4-bromophenyl)-4-quinazolinone (11j)68a (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 15 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 82%, 
1H NMR (500 MHz, DMSO-d6) δ 12.61 (br, 1H), 8.16-8.12 (m, 3H), 7.85 (t, J = 8.0 Hz, 1H), 7.78-7.74 (m, 3H), 
7.54 (t, J = 7.2 Hz, 1H). 
 
2-(4-trifluoromethylphenyl)-4-quinazolinone (11k)68a (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 15 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 76%, 
1H NMR (500 MHz, DMSO-d6) δ 12.75 (br, 1H), 8.38-8.35 (m, 2H), 8.19-8.15 (m, 1H), 7.94-7.84 (m, 3H), 7.79-
7.76 (m, 1H), 7.58-7.53 (m, 1H). 
 
2-(4-cyanophenyl)-4-quinazolinone (11l)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 15 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 66%, 
1H NMR (500 MHz, DMSO-d6) δ 12.72 (br, 1H), 8.31 (d, J = 8.6 Hz, 2H), 8.15 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.0 
Hz, 2H), 7.84 (t, J = 7.5 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.54 (t, J = 7.5 Hz, 1H). 
 
2-(4-nitrophenyl)-4-quinazolinone (11m)68b (Table 3.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 5 ǧ̺åʦǫ2CEʘ˟ (EtOAc : H2O : Hexane = 1: 1 : 5) Ėɗ 69%, 
1H NMR (500 MHz, DMSO-d6) δ 12.84 (br, 1H), 8.41-8.40 (m, 4H), 8.19 (d, J = 6.9 Hz, 1H), 7.90-7.87 (m, 1H), 
7.80 (d, J = 7.4 Hz, 1H), 7.60-7.57 (m, 1H). 
 
Synthesis of 2-phenyl-2,3-dihydroquinazolin-4-one (12a)68d (Table 3.6): 2-MtcMp (10, 0.3 mmol)
cMnxp (2a, 0.3 mmol)êőɕPʞ (0.05 equiv) 4 5 mL ̭̯RjȿȲJ̯ ʞ͍ĲȞ¡
˔ÛɈ (23 W Twist lamp from Osram Sylvania Inc.) D4ÛɎŦŜȺ.ǎƶ (ƕDG(ĕƜȴğ
ɓJRvh2C+-ȷĵ§ɐ$F/.ʗɝƧɓJƕ(GJ 1,1,2,2-moXRh
/ȴğ 1H NMR êǽ2F}oȜD NMR ĖɗJʑé (ʨ-ʗɝƧɓJêėɟ
ːŭXoY{N (CHCl3 : MeOH = 20 : 1) 2CEʘ˟ 2-phenyl-2,3-dihydroquinazolin-4-one (12a) 
Jƕ(Ėɗ 49%, 1H NMR (500 MHz, DMSO-d6) δ 8.29 (s, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.50 (d, J = 6.8 Hz, 







ļǶƬ͖ͬ MZ 13 (0.3 mmol)woRbMp 14 (0.6 mmol)êőɕPʞ (0.3 equiv) 
ɉ̯TP (0.6 mmol) 4 5 mL XȿȲJM]͍ĲȞ¡˔ÛɈ (22W lamp  2, 
EFR25ED from Panasonic) D4ÛɎŦȤȰ¡ 60 ºC . 20 ǧ̺ǎƶ (ƕDG(ĕƜȴğɓJʛ 
20 mL 4͞ħjSɻ̯qoPȟȿȲ.ȩȬ êȲ (ƒȟŭJ 5 mL 4aRjRm.ͫ
įƴé (ǱȑŭJɻ̯qoP2C+-§ɐ$ɇ̢ (Rvh2C+-ȷĵ§ɐ
$F/.ʗɝƧɓJƕ(GJ 1,1,2,2-moXRh/ȴğ 1H NMR êǽ2F}
oȜD NMR ĖɗJʑé (ʨ-ʗɝƧɓJ`T[TXoY{N2CEʘ
˟ ŤƜ"FMaaĄğɓ 15 Jƕ( 
 
N-(p-Tolylsulfonyl)-2-(4-tert-butylphenyl)aziridine (15a)69a (Table 3.8) 
ļǶƬ͖2CEğƧͥ˄ȲÀĖɗ 86%, Rf = 0.3 (hexane : EtOAc = 9 : 1), 1H NMR (500 MHz, CDCl3) δ 
7.86 (d, J = 8.0 Hz, 2 H), 7.33-7.30 (m, 4 H), 7.14 (d, J = 8.0 Hz, 2 H), 3.76 (dd, J = 7.2, 4.6 Hz, 1 H), 2.95 (d, J = 
7.2 Hz, 1 H), 2.42 (s, 3 H), 2.37 (d, J = 4.6 Hz, 1 H), 1.27 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 151.3, 144.5, 
134.9, 131.9, 129.7, 127.9, 126.2, 125.4, 40.9, 35.7, 34.5, 31.2, 21.6. 
 
N-(p-Tolylsulfonyl)-2-(4-chlorophenyl)aziridine (15b)69a (Table 3.8) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 85%, Rf = 0.3 (hexane : EtOAc = 17 : 3), 1H NMR (500 MHz, CDCl3) δ 
7.85 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H), 3.73 (dd, J =  
6.9, 4.5 Hz, 1H), 2.98 (d, J = 6.9 Hz, 1H), 2.43 (s, 3H), 2.34 (d, J = 4.5 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 
144.8, 134.7, 134.1, 133.5, 129.7, 128.7, 127.9, 127.8, 40.2, 36.0, 21.6. 
 
N-(p-Tolylsulfonyl)-2-(4-bromophenyl)aziridine (15c)69a (Table 3.8)  
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 77%, Rf = 0.3 (hexane : EtOAc = 17 : 3), 1H NMR (500 MHz, CDCl3) δ 
7.85 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.71 (dd, J = 
7.1, 4.6 Hz, 1H), 2.97 (d, J = 7.1 Hz, 1H), 2.42 (s, 3H), 2.34 (d, J = 4.6 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 
144.7, 134.6, 134.1, 131.6, 129.7, 128.1, 127.8, 122.2, 40.2, 35.9, 21.6. 
 
N-(p-Tolylsulfonyl)-2-phenylaziridine (15d)69a (Table 3.8) 
ļǶƬ͖2CEğƧͥ˄ȲÀĖɗ 81%, Rf = 0.3 (hexane : EtOAc = 9 : 1), 1H NMR (500 MHz, CDCl3) δ 
7.87 (d, J = 8.0 Hz, 2 H), 7.33 (d, J = 8.0 Hz, 2 H), 7.31-7.26 (m, 3 H), 7.23–7.19 (m, 2 H), 3.77 (dd, J = 7.4, 4.6 Hz, 
1 H), 2.98 (d, J = 7.4 Hz, 1 H), 2.43 (s, 3 H), 2.38 (d, J = 4.6 Hz, 1 H). 13C NMR (125 MHz, CDCl3) δ 144.6, 134.9, 




N-(p-Tolylsulfonyl)-2-(4-methylphenyl)aziridine (15e)69a (Table 3.8)  
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 83%, Rf = 0.3 (hexane : EtOAc = 9 : 1), 1H NMR (500 MHz, CDCl3) δ 
7.86 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 7.09 (br, 4H), 3.73 (dd, J = 7.1, 4.6 Hz, 1H), 2.96 (d, J = 7.1 Hz, 
1H), 2.42 (s, 3H), 2.37 (d, J = 4.6 Hz, 1H), 2.30 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.5, 138.1, 135.0, 131.9, 
129.6, 129.2, 127.8, 126.4, 41.0, 35.7, 21.6, 21.1. 
 
N-(p-Tolylsulfonyl)-2-(3-methylphenyl)aziridine (15f)69a (Table 3.8) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 76%, Rf = 0.3 (hexane : EtOAc = 17 : 3), 1H NMR (500 MHz, CDCl3) δ 
7.87 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.19-7.16 (m, 1H), 7.08 (d, J = 8.0 Hz, 1H), 7.02-7.01 (m, 2H), 
3.74 (dd, J = 7.4, 4.6 Hz, 1H), 2.95 (d, J = 7.4 Hz, 1H), 2.41 (s, 3H), 2.37 (d, J = 4.6 Hz, 1H), 2.30 (s, 3H). 13C NMR 
(125 MHz, CDCl3) δ 144.6, 138.2, 134.8, 129.7, 129.0, 128.4, 127.9, 127.1, 123.6, 41.0, 35.8, 21.6, 21.2. 
 
N-(p-Tolylsulfonyl)-2-(2-methylphenyl)aziridine (15g)69b (Table 3.8) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 82%, Rf = 0.3 (hexane : EtOAc = 17 : 3), 1H NMR (500 MHz, CDCl3) δ 
7.89 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.3 Hz, 2H), 7.19-7.15 (m, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.11-7.09 (m, 2H), 
3.86 (dd, J = 7.4, 4.6 Hz, 1H), 2.98 (d, J = 7.4 Hz, 1H), 2.44 (s, 3H), 2.38 (s, 3H), 2.31 (d, J = 4.6 Hz, 1H). 13C NMR 
(125 MHz, CDCl3) δ 144.6, 136.6, 134.8, 133.1, 129.8, 129.7, 127.9, 126.0, 125.8, 39.4, 35.0, 21.6, 19.0. 
 
cis- and trans-N-(p-Tolylsulfonyl)-2-methyl-3-aziridine (15h)69c (Table 3.8) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 72%, Rf = 0.3 (hexane : EtOAc = 17 : 3), 1H NMR (500 MHz, CDCl3) δ 
(trans-isomer) 7.81 (d, J = 8.0 Hz, 2H), 7.29-7.13 (m, 5H), 7.15-7.13 (m, 2H), 3.79 (d, J = 4.0 Hz, 1H), 2.90 (dq, J 
= 5.7, 4.0 Hz, 1H), 2.37 (s, 3H), 1.84 (d, J = 5.7 Hz, 3H); δ (cis-isomer) 7.88 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 
2H), 7.29-7.19 (m, 5 H), 3.92 (d, J = 7.4 Hz, 1H), 3.18 (dq, J = 7.4, 5.7 Hz, 1H), 2.42 (s, 3H), 1.01 (d, J = 5.7 Hz, 
3H). 13C NMR (125 MHz, CDCl3) δ 144.3, 143.8, 137.8, 135.4, 135.2, 132.6, 129.6, 129.4, 128.4, 128.2, 128.0, 
127.7, 127.4, 127.1, 126.2, 49.1, 49.0, 46.0, 41.75, 21.5, 21.5, 14.0, 11.8 (one carbon peak was overlapped). 
 
N-(p-Tolylsulfonyl)-2-methyl-2-phenylaziridine (15i)69a (Table 3.8) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 17%, Rf = 0.1 (hexane : EtOAc = 20 : 3), 1H NMR (500 MHz, CDCl3) δ 
7.87 (d, J = 7.7 Hz, 2H), 7.38 (d, J = 7.7 Hz, 2H), 7.33-7.30 (m, 4H), 7.28-7.26 (m, 1H), 2.96 (s, 1H), 2.52 (s, 1H), 
2.43 (s, 3H), 2.04 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 143.9, 140.9, 137.6, 129.5, 128.3, 127.7, 127.4, 126.5, 51.7, 






ļǶƬ͖ͬˠʞɛ 20 (0.3 mmol)Pʞ (0.06 mmol)TFA (0.3 mmol) 4 5 mḼ̯RjȿȲJ̯ʞ
͍ĲȞ¡˔ÛɈ (Mini Twister 23 W from Philips Co., Ltd) ɎŦȤȰ¡ 70 ºC . 20 ǧ̺ǎƶ (
o{S̭̯ (TFA) 5qTOmbXɿ4@4Jɟ(ĕƜȴğɓJ 30 mL4͞ħjSɻ̯qo
PȟȿȲ.êȲ ȟŭ2Ť 10 mL 4̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P
.ʹȟ ɇ̢ (&4ƒɇȲJRvh.Ɇʬ"F/.ʗɝƧɓJƕ(GJ 1,1,2,2-
moXRh/ȴğ 1H NMR êǽ2F}oȜD NMR ĖɗJʑé (ʨ-
ʗɝƧɓJêėɟːŭXoY{N.êė"F/.ŤƜ"FMnxp 21 Jƕ( 
 
Benzothiazole-2-carboxaldehyde (21a)70a (Table 4.2) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 81%, Rf = 0.7 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.17 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 7.7 Hz, 1H), 7.63-7.56 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 
185.4, 165.2, 153.5, 136.3, 128.4, 127.3, 125.7, 122.6. 
 
5-Fluorobenzothiazole-2-carboxaldehyde (21b) (Table 4.4) 
ļǶƬ͖2CEğƧͥ˄ĳÀĖɗ 73%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.15 (s, 1H), 7.98-7.95 (m, 1H), 7.91 (dd, J = 2.3, 8.8 Hz, 1H), 7.39-7.35 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 
185.1, 167.4, 162.1 (d, J = 244 Hz), 154.3 (d, J = 11.9 Hz), 131.9, 123.5 (d, J = 9.5 Hz), 117.7 (d, J = 25.0 Hz), 111.2 
(d, J = 23.9 Hz); 19F NMR (470 MHz, CDCl3) δ -113.2. Anal. Calcd for: H: 2.23%, C: 53.03%, N: 7.73%. Found: H: 
2.34%, C: 52.75%, N: 7.63%. IR (ATR): 3072, 2856, 1682 (cm-1). m.p.: 113.8-114.8 °C. 
 
5-Chlorobenzothiazole-2-carboxaldehyde (21c) (Table 4.4) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 78%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.15 (s, 1H), 8.21 (d, J = 2.3 Hz, 1H), 7.92 (d, J = 8.6 Hz, 2H), 7.54 (dd, J = 2.3, 8.6 Hz, 1H); 13C NMR (125MHz, 
CDCl3) δ 185.1, 166.8, 154.2, 134.5, 133.5, 128.9, 125.2, 123.3. Anal. Calcd for: H: 2.04%, C: 48.62%, N: 7.09%. 
Found: H: 2.24%, C: 48.49%, N: 6.97%. IR (ATR): 2941, 1682 (cm-1). m.p.: 151.2-152.2 °C. 
 
5-Bromobenzothiazole-2-carboxaldehyde (21d) (Table 4.4) 
ļǶƬ͖2CEğƧʪ˄ĳÀĖɗ 79%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.15 (s, 1H), 8.38 (d, J = 1.9 Hz, 1H), 7.87 (d, J = 8.6 Hz, 1H), 7.66 (dd, J = 1.9, 8.6 Hz, 1H); 13C NMR (125 MHz, 
CDCl3) δ 185.1 , 166.5, 154.5, 135.0, 131.5, 128.3, 123.6, 121.0. Anal. Calcd for: H: 1.67%, C: 39.69%, N: 5.79%. 




2-Formyl-5-benzothiazolecarxylic acid methyl ester (21e) (Table 4.4) 
ļǶƬ͖2CEğƧĕƜǧ̺ 50 ǧ̺ͥ˄ĳÀĖɗ 69%, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR 
(500 MHz, CDCl3) δ 10.19 (s, 1H), 8.90 (d, J = 1.2 Hz, 1H), 8.23 (dd, J = 1.2, 8.7 Hz, 1H), 8.07 (d, J = 8.7 Hz, 1H), 
4.01 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 185.2, 166.6, 166.2, 153.3, 140.6, 129.7, 128.6, 127.4, 122.6, 52.5. Anal. 
Calcd for: H: 3.19%, C: 54.29%, N: 6.33. Found: H: 3.48%, C: 54.18%, N: 6.10%. IR (ATR): 3067, 2962, 1718, 
1687. m.p.: 160.0-161.0 °C. 
 
5-Cyanobenzothiazole-2-carboxaldehyde (21f) (Table 4.4) 
ļǶƬ͖2CEğƧĕƜǧ̺ 70 ǧ̺ͥ˄ĳÀĖɗ 71%, Rf = 0.5 (Hexane : EtOAc = 1 : 1), 1H NMR 
(500 MHz, CDCl3) δ 10.18 (s, 1H), 8.57 (s, 1H), 8.14 (d, J = 8.3 Hz, 1H), 7.80 (d, J = 8.3 Hz, 1H); 13C NMR (125 
MHz, CDCl3) δ 184.8, 167.5, 152.9, 140.6, 130.2, 130.2, 124.0, 117.9, 111.4. Anal. Calcd for: H: 2.14%, C: 57.44%, 
N: 14.88%. Found: H: 2.50%, 57.54%, 14.46%. IR (ATR): 3101, 3071, 2924, 2857, 2231, 1694 (cm-1). m.p.: 174.9-
175.0 °C. 
 
5-Nitrobenzothiazole-2-carboxaldehyde (21g) (Table 4.4) 
ļǶƬ͖2CEğƧĕƜǧ̺ 50ǧ̺ɫ˄ĳÀĖɗ 61%, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR 
(500 MHz, CDCl3) δ 10.22 (s, 1H), 9.11 (d, J = 2.3 Hz, 1H), 8.46 (dd, J = 2.3, 9.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 1H); 
13C NMR (125 MHz, CDCl3) δ 184.7, 168.4, 153.1, 147.4, 142.1, 123.5, 122.3, 121.2. Anal. Calcd for: H: 1.94%, C: 
46.15%, N: 13.46%. Found: H: 2.24%, C: 46.13%, N: 13.08%. IR (ATR): 3074, 1691 (cm-1). m.p.: 154.9-155.9 °C. 
 
5-Methoxybenzothiazole-2-carboxaldehyde (21h) (Table 4.4) 
ļǶƬ͖2CEğƧͥ˄ĳÀĖɗ 85%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.13 (s, 1H), 7.84 (d, J = 8.9 Hz, 1H), 7.63 (d, J = 2.3 Hz, 1H), 7.22 (dd, J = 2.3, 8.9 Hz, 1H), 3.92 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 185.2, 166.1, 159.6, 154.9, 128.6, 122.7, 119.8, 106.2, 55.6. Anal. Calcd for: H: 3.58%, 
C: 55.76%, N: 7.06%. Found: H: 3.65%, C: 55.94%, N: 7.25%. IR (ATR): 2846, 1681 (cm-1). m.p.: 100.1-101.1 °C. 
 
5-Methylbenzothiazole-2-carboxaldehyde (21i) (Table 4.4) 
ļǶƬ͖2CEğƧͥ˄ĳÀĖɗ 81%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H NMR (400 MHz, CDCl3) δ 
10.14 (s, 1H), 8.01 (d, J = 1.2 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.39 (dd, J = 1.2, 8.0 Hz, 1H), 2.54 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 185.4, 165.3, 153.9, 137.6, 133.4, 130.3, 125.3, 122.0, 21.4. Anal. Calcd for: H: 3.98%, 





5,6-Dimethylbenzothiazole-2-carboxaldehyde (21j) (Table 4.4) 
ļǶƬ͖2CEğƧɫ˄ĳÀĖɗ 78%, Rf = 0.5 (Hexane:EtOAc = 4:1), 1H NMR (500 MHz, CDCl3) δ 10.11 
(s, 1H), 7.96 (s, 1H), 7.72 (s, 1H), 2.40 (s, 3H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 185.4, 164.2, 152.4, 
138.9, 137.1, 134.1, 125.3, 122.1, 20.5, 20.2. Anal. Calcd for: H: 4.74%, C: 62.80%, N: 7.32%. Found: H: 4.70%, C: 
62.56%, N: 7.17%. IR (ATR): 2941, 2918, 2836, 2805, 1687 (cm-1). m.p.: 95.8-96.8 °C. 
 
Naphtho[1,2-d]thiazole-2-carboxaldehyde (21k) (Table 4.4) 
ļǶƬ͖2CEğƧĕƜǧ̺ 60ǧ̺`T[TXoY{N2CEĊ͋ʘ˟ͥ˄ĳ
ÀĖɗ 80%, Rf = 0.3 (Hexane : EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 10.26 (s, 1H), 8.88 (d, J = 8.0 
Hz, 1H), 8.01-7.95 (m, 3H), 7.78 (t, J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 185.0, 
163.8, 150.4, 134.7, 132.0, 129.7, 129.3, 128.3, 127.9, 127.1, 123.5, 119.0. Anal. Calcd for: H: 3.31%, C: 67.58%, 
N: 6.57%. Found: H: 3.43%, 67.39%, 6.59%. IR (ATR): 2848, 1685 (cm-1). m.p.: 126.0-127.0 °C. 
 
1-(2-Benzothiazolyl)-ethanone (21l)70b (Table 4.4) 
ļǶƬ͖2CEğƧˡ˄ȲÀĖɗ 69%, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
8.18 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.58-7.52 (m, 2H), 2.83 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
193.1, 166.4, 153.5, 137.3, 127.6, 126.9, 125.4, 122.4, 26.1. 
 
1,3-Benzothiazol-2-yl(phenyl)methanone (21m)70c (Table 4.4) 
ļǶƬ͖2CEğƧͥ˄ĳÀĖɗ 85%, Rf = 0.5 (Hexane : EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 
8.55 (d, J = 7.5 Hz, 2H), 8.22 (d, J = 7.5 Hz, 1H), 7.97 (d, J = 7.5 Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H), 7.55-7.49 (m, 
4H); 13C NMR (125 MHz, CDCl3) δ 185.2, 167.0, 153.8, 136.9, 134.8, 133.8, 131.2, 128.4, 127.5, 126.8, 125.6, 
122.0. 
 
2-Quinolinecarboxaldehyde (21n)70d (Table 4.5) 
ļǶƬ͖2CEğƧĕƜǧ̺ 60 ǧ̺ͥ˄ȲÀĖɗ 65% Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR 
(500 MHz, CDCl3) δ 10.24 (s, 1H), 8.31 (d, J = 8.6 Hz, 1H), 8.25 (d, J = 8.6 Hz, 1H), 8.03 (d, J = 8.6 Hz, 1H), 7.91 
(d, J = 8.6 Hz), 7.83 (dd, J = 6.9, 8.6 Hz, 1H), 7.70 (dd, J = 6.9 Hz, J = 8.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 
193.7, 152.5, 147.8, 137.3, 130.5, 130.3, 130.0, 129.2, 127.8, 117.3. 
 
4-Quinolinecarboxaldehyde (21p)70e (Table 4.5) 
ļǶƬ͖2CEğƧˡ˄ȲÀĖɗ 44%, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 
10.52 (s, 1H), 9.21 (d, J = 4.0 Hz, 1H), 9.02 (d, J = 8.6 Hz, 1H), 8.22 (d, J = 7.5 Hz, 1H), 7.83-7.74 (m, 3H); 13C 




Synthesis of benzoxazole-2-carboxaldehyde (21q)70a (Table 4.5): 2-jgSV^gͩ (20q, 0.3 
mmol) Pʞ (0.06 mmol) TFA (0.3 mmol) 4 5 mL oRȿȲJ̯ʞ͍ĲȞ¡˔ÛɈ (Mini 
Twister 23 W from Philips Co., Ltd) ɎŦȤȰ¡ 100 ºC . 20 ǧ̺ǎƶ (o{S̭̯ (TFA) 
5qTOmbXɿ4@4Jɟ(ĕƜȴğɓJ 30 mL 4͞ħjSɻ̯qoPȟȿȲ.êȲ 
ȟŭ2Ť 10 mL 4̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P.ʹȟ ɇ̢ (
&4ƒɇȲJRvh.Ɇʬ"F/.ʗɝƧɓJƕ(GJ 1,1,2,2-moXRh/
ȴğ 1H NMR êǽ2F}oȜD NMR ĖɗJʑé (ʨ-ʗɝƧɓJêėɟːŭ
XoY{N  (Hexane : CHCl3 = 1 : 1, Rf = 0.3) .êė"F/.ŤƜ"F benzoxazole-2-
carboxaldehyde (21q) Jƕ(ͥ˄ȲÀĖɗ 63%, 1H NMR (500 MHz, CDCl3) δ 9.93 (s, 1H), 7.88 (d, J = 8.2 
Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.51 (t, J = 7.3 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 
179.4, 157.3, 150.6, 140.6, 129.3, 126.1, 122.7, 112.1. 
 
Synthesis of 2-(iodomethyl)benzothiazole (22a) (Scheme 4.5): 2-jgjMgͩ (20a, 0.3 mmol) 
Pʞ (0.06 mmol) TFA (0.3 mmol) 4 5 mḼ̯RjȿȲJM]͍ĲȞ¡˔ÛɈɎŦ70 
ºC. 20ǧ̺ǎƶ (ĕƜȴğɓJ 30 mL4͞ħjSɻ̯qoPȟȿȲ.êȲ ȟŭ2Ť 10 
mL4̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P.ʹȟ ɇ̢ (ɇȲJRv
h.Ɇʬƒ` T[TXoY{N.êė"F/. 2-(pj)gjMg
 (3a) ƕDG(ͥ˄ĳÀĖɗ 7%, Rf = 0.4 (Hexane : EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 
7.99 (d, J = 7.5 Hz, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.47 (td, J = 1.2, 7.5 Hz, 1H), 7.40 (td, J = 1.2, 7.5 Hz, 1H), 4.78 
(s, 2H); 13C NMR (125 MHz, CDCl3) δ 167.3, 152.8, 136.1, 126.4, 125.6, 123.2, 121.7, -3.0. Anal. Calcd for: H: 
2.20%, C: 34.93%, N: 5.09%. Found: H: 2.23%, C: 34.81%, N: 5.00%. 
 
Synthesis of deuterated 2-methylbenzothiazole (20a–d) (Scheme 4.6): 2-jgjMg (20a, 0.3 
mmol) 4 0.5 mL ̰htȿȲ2 TFA (0.3 mmol) Jþ&4ȴğȲJ NMR j|2ÞG(
4 NMR j|JȤȰ¡ 50 ºC.þɏ 20 ǧ̺ĕƜ$(&4ƒ1H NMR JȻŚ"F/.
̰ȟʞĄG( 2-jgjMg4ɝƧJɼ˴ ( 
 
Synthesis of 1-(2-benzothiazolemethoxy)-2,2,6,6-tetramethylpiperidine (24a) (Scheme 4.8): 2-jgj
Mgͩ (20a, 0.3 mmol)2,2,6,6-mojza 1-SV` (TEMPO, 0.3 mmol) Pʞ (0.06 
mmol) TFA (0.3 mmol) 4 5 mḼ̯RjȿȲJ̯ʞ͍ĲȞ¡˔ÛɈɎŦ70 ºC. 20 ǧ̺ǎ
ƶ (ĕƜȴğɓJ 30 mL 4͞ħjSɻ̯qoPȟȿȲ.êȲ ȟŭ2Ť  10 mL 4̭̯R
j.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P.ʹȟ ɇ̢ (ɇȲJRvh.Ɇʬ
ƒ`T[TXoY{N  (Hexane : EtOAc = 20 : 1) .êė"F/. 1-(2-
benzothiazolemethoxy)-2,2,6,6-tetramethylpiperidine (24a) ƕDG(ɋ˄ȲÀĖɗ 10%, Rf = 0.2 (Hexane : 
EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 7.99 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 8.0 
Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 5.23 (s, 2H), 1.60-1.50 (m, 6H), 1.26-1.22 (m, 12H); 13C NMR (125 MHz, CDCl3) 
δ 169.4, 152.8, 134.7, 125.9, 124.8, 122.8, 121.6, 60.3, 39.6, 32.9, 20.1, 17.0. HRMS m/z (ESI) calcd for 
C17H25N2OS+ 305.1688, found 305.1668. 
85 
 
Time course determined by 1H NMR analysis ot the crude product (Figure 4.3): 
 
Entry Time (h) 
1H NMR yield (%) 
20a 21a 22a 25a 
1 1 93 1 4 0 
2 2 84 8 7 0 
3 3 65 18 trace trace 
4 4 57 26 trace 1 
5 5 55 35 0 2 
6 8 41 32 trace 2 
7 10 30 54 2 3 
8 15 19 63 0 2 
9 20 0 80 0 0 
 
 ļǶƬ͖2CEĕƜJ˗+(Ėɗ5 1,1,2,2-moXRhJãȍ2ɟ1H NMR 2F






I2 (0.2 equiv), TFA (1.0 equiv)














Synthesis of 2-methyl-5-benzothiazolecarxylic acid methyl ester (20e)70f (Table 4.4): 4-X-3-roŖơ͠
̯ (1 g) /ɻĄqoP (4 g) 4ȴğɓJ 120 °C 4þɏǹ¸ȿ˧$1 ǧ̺ǎƶ$(&4ƒ
æĎ ɋȟ̭̯ (4 mL) /̭̯ (2 mL) 4ȴğȿȲJþ1 ǧ̺ǎƶ (ʨ-̭̯ (5 mL) /
ȟ (5 mL) Jþ 30 ê̺ǎƶ ĕƜJʣ¨$(ĕƜȴğɓJ 2 M ŀ̯ȟȿȲ.êȲ ȟŭ2
Ť 10 mL 4̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯qoP.ʹȟ ɇ̢ (ɇȲJR
vh.ɆʬƒɆɻ̯ (5 mL) /ht (20 mL) Jþ70 ºC . 20ǧ̺ǎƶ (ĕƜ
ȴğɓJ͞ħɉ̯ȟʞqoP.¡ħ Rvh.htJ́đ (α+(ȟŭ2Ť
 ̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P.ʹȟ Rvh.Ɇʬ (ƒ
`T[TXoY{N (Hexane : EtOAc = 4 : 1) .êė"F/.2-j-5-gj
MgT̯j (20e) ƕDG(ɫ˄ĳÀĖɗ 20%, Rf = 0.3 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 8.59 (s, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.4 Hz, 1H), 3.96 (s, 3H), 2.85 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ 168.2, 166.8, 153.1, 140.4, 128.1, 125.2, 123.7, 121.1, 52.2, 20.1. Anal. Calcd for: 
H: 4.38%, C: 57.95%, N: 6.76%. Found: H: 4.33%, C: 57.80%, N: 6.59%. m.p.: 96.2-97.2 °C. 
 
5-Cyano-2-benzothiazole (20f)70g (Table 4.4) 
Ɔɟǘɖ 70h 2ˬ̒4ǜȦ2CEğƧ1H NMR (500 MHz, CDCl3) δ 8.20 (s, 1H), 7.93 (d, J = 8.6 Hz, 1H), 
7.57 (d, J = 8.6 Hz, 1H), 2.89 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 169.7, 152.7, 140.5, 126.9, 126.2, 122.3, 118.6, 
109.3, 20.1. 
 
Synthesis of 2-ethylbenzothiazole (20l)70i (Table 4.4): 2-Mt{Qt (3.0 mmol) 3,5-~}haS 
(4.5 mmol) TsOH·H2O (0.15 mmol) 4ȴğɓJ 16ǧ̺ǎƶ (ĕƜȴğɓJ`T[TX
oY{N (Hexane : EtOAc = 20 : 1) .êė"F/. 2-ethylbenzothiazole (20l) ƕDG(ͥ˄Ȳ
ÀĖɗ 69%, Rf = 0.3 (Hexane : EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.82 (d, 
J = 8.0 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 3.14 (q, J = 7.5 Hz, 2H), 1.46 (t, J = 7.5 Hz, 3H). 
 
Synthesis of 2-(hydroxymethyl)benzothiazole (25a)70j (Scheme 4.8): ļǶƬ͖2CEğƧʘ˟G(g
jMg-2-TV`Mnxp (21a, 0.3 mmol) /ȟʞĄPʞqoP (0.33 mmol) 4 3 mLR
htȴğȿȲJ 20 ǧ̺ŜȺ.ǎƶ (ĕƜȴğȿȲJ͞ħɉ̯ȟʞqoPȟȿȲ.ȩȬ 
ȟŭ2Ť ̭̯Rj.ƴéJ×į˗+(ǱȑŭJɻ̯Ys`P.§ɐ ɇ̢ ɇȲJh
Rvh.́đ `T[TXoY{N (Hexane : EtOAc = 3 : 1) .êė 
"F/. 2-(hydroxymethyl)benzothiazole (25a) ƕDG(ɫ˄ĳÀĖɗ 98%, Rf = 0.3 (Hexane : EtOAc 
= 3 : 1), 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.39 (t, J = 8.2 Hz, 1H), 
7.30 (t, J = 8.2 Hz, 1H), 5.67 (br, 1H), 5.05 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 174.0, 152.5, 134.4, 126.1, 125.0, 




ʎĮʌ ʎ«ʓ ʎ͕2̻"Fś͢ 
 
ļǶƬ͖ AͬMZ 29 (0.30 mmol) ̢ŀʞĄ 9-`j-10-jMXarP (0.10 equiv) ̯
ĄYs`P (2.0 equiv) 4̭̯Rj (4 mL) /M\ (1 mL) 4ȴğȿȲ2Ť ̯ʞ͍ĲȞ
¡ÛɎŦ (EFD21EN from TOSHIBA) ŜȺ. 10 ǧ̺Ǌƶ (ƕDG(ĕƜȴğɓJRv
h.Ɇʬ ʗɝƧɓJƕ(4ʗɝƧɓJ 1,1,2,2-moXRh/ȴğ 1H NMR êǽ
2Fɱɬɓ`Yq/4}oȜD 1H NMR ĖɗJʑé (ʨ-ʗɝƧɓJ`T[
T (Hexane / EtOAc) 2CEʘ˟ xpSV`p 30 Jƕ( 
ļǶƬ͖ BͬMZ 29 (0.15 mmol) ̢ŀʞĄ 9-`j-10-jMXarP (0.20 equiv) ̯
ĄYs`P (2.0 equiv) 4ȟ (10 µL) /aXh (2.5 mL) 4ȴğȿȲ2Ť ̯ ʞ͍ĲȞ¡
ÛɎŦ (EFD21EN from TOSHIBA) ŜȺ. 9 ǧ̺Ǌƶ (ƕDG(ĕƜȴğɓJRvh
.Ɇʬ ʗɝƧɓJƕ(4ʗɝƧɓJ 1,1,2,2-moXRh/ȴğ 1H NMR êǽ2
Fɱɬɓ`Yq/4}oȜD 1H NMR ĖɗJʑé (ʨ-ʗɝƧɓJ`T[T 
(Hexane / EtOAc) 2CEʘ˟ xpSV`p 30 Jƕ( 
ļǶƬ͖ CͬļǶƬ͖ A 2C+-ƕDG(ʗɝƧɓ2o{Qrb{N (0.30 mmol) Jþ2 
mL 4aXh2ȿ˧ ŻȺ. 2 ǧ̺ǊƶJ˗+(ƕDG(ĕƜȴğɓJRvh.
Ɇʬ `T[T (Hexane / EtOAc) 2CEʘ˟ M\À 32 Jƕ( 
 
2-Methoxy-1-phenylethyl hydroperoxide (30a) (Table 4.6) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 63%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (500 MHz, CDCl3) 
δ 9.16 (br, 1H), 7.30-7.40 (m, 5H), 5.21 (dd, J = 2.9, 8.6 Hz, 1H), 3.70, (dd, J = 8.6, 10.9 Hz, 1H), 3.63 (dd, J = 2.9, 
10.9 Hz, 1H), 3.40 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 137.2, 128.6, 128.5, 126.9, 86.5, 74.8, 59.3.; Elemental 
Analysis: Anal. Calcd for C9H12O3:C, 64.27; H, 7.19, Found: C, 64.32; H, 7.14.; FTIR: (neat): 3315, 2903, 1475, 
1455, 1408, 1378, 1353, 1204, 1194, 1116, 1094, 1068, 1056, 1027, 964, 921, 858, 818, 763, 704 (cm−1).; m.p.: 58-
59 ºC. 
 
2-Methoxy-1-(4-fluorophenyl)ethyl hydroperoxide (30b) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 47%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.08 (s, 1H), 7.36 (dd, J = 5.3, 8.2 Hz, 2H), 7.07 (t, J = 8.7 Hz, 1H), 5.19 (dd, J = 3.4, 8.2 Hz, 1H), 3.70, (dd, J = 
8.2, 10.6 Hz, 1H), 3.60 (dd, J = 3.4, 10.6 Hz, 1H), 3.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 162.9 (d, J = 246.6 
Hz), 133.0 (d, J = 3.3 Hz), 128.8 (d, J = 8.2 Hz), 115.6 (d, J = 21.3 Hz), 85.8, 74.7, 59.3.; 19F NMR (470 MHz, 
CDCl3) δ −113.1.; Elemental Analysis: Anal. Calcd for C9H11FO3: C, 58.06; H, 5.96, Found: C, 57.77; H, 5.87.; 
FTIR: (neat): 3374, 2990, 2919, 1851, 1603, 1508, 1471, 1447, 1418, 1397, 1348, 1218, 1196, 1159, 1105, 1084, 




2-Methoxy-1-(4-chlorophenyl)ethyl hydroperoxide (30c) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 58%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.11 (s, 1H), 7.36 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 5.18 (dd, J = 3.4, 8.2 Hz, 1H), 3.67, (dd, J = 8.2, 
11.1 Hz, 1H), 3.59 (dd, J = 3.4, 11.1 Hz, 1H), 3.40 (s, 3H); 13C NMR: (100 MHz, CDCl3): δ 135.8, 134.4, 128.8, 
128.4, 85.8, 74.5, 59.3.; Elemental Analysis: Anal. Calcd for C9H11ClO3: C, 53.35; H, 5.47, Found: C, 53.21; H, 
5.43.; FTIR: (neat): 3330, 2893, 1682, 1593, 1490, 1449, 1417, 1398, 1363, 1323, 1254, 1204, 1177, 1127, 1107, 
1084, 1054, 1014, 962, 918, 863, 847, 822, 807, 761, 722, 696 (cm−1).; m.p.: 65-69 ºC. 
 
2-Methoxy-1-(4-bromophenyl)ethyl hydroperoxide (30d) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 50%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.79 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 5.17 (dd, J = 3.4, 8.2 Hz, 1H), 3.68, (dd, J = 8.2, 
11.1 Hz, 1H), 3.59 (dd, J = 3.4, 11.1 Hz, 1H), 3.41 (s, 3H).; 13C NMR: (100 MHz, CDCl3): δ 136.2, 131.8, 128.7, 
122.6, 86.0, 74.5, 59.4. Elemental Analysis: Anal. Calcd for C9H11BrO3: C, 43.75; H, 4.48, Found: C, 43.54; H, 4.49. 
FTIR: (neat): 3323, 2893, 2554, 1677, 1587, 1487, 1447, 1425, 1399, 1365, 1320, 1297, 1280, 1202, 1178, 1127, 
1107, 1083, 1069, 1056, 1010, 962, 917, 862, 851, 820, 805, 757, 719, 698, 681 (cm−1).; m.p.: 74-77 ºC. 
 
2-Methoxy-1-(4-methylphenyl)ethyl hydroperoxide (30e) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 66%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.01 (s, 1H), 7.26 (d, J = 7.7 Hz, 2H), 7.19 (d, J = 7.7 Hz, 2H), 5.18 (dd, J = 3.4, 8.7 Hz, 1H), 3.71, (dd, J = 8.7, 
11.1 Hz, 1H), 3.60 (dd, J = 3.4, 11.1 Hz, 1H), 3.40 (s, 3H), 2.35 (s, 3H); 13C NMR: (100 MHz, CDCl3): δ 138.4, 
134.1, 129.3, 127.0, 86.4, 74.9, 59.2, 21.1.; Elemental Analysis: Anal. Calcd for C10H14O3: C, 65.92; H, 7.74, Found: 
C, 65.67; H, 7.70.; FTIR: (neat): 3326, 2983, 2897, 1516, 1478, 1446, 1403, 1375, 1345, 1311, 1260, 1202, 1181, 
1112, 1092, 1056, 1022, 962, 920, 864, 813, 766, 723 (cm−1).; m.p.: 76-80 ºC. 
 
2-Methoxy-1-(4-tert-butylphenyl)ethyl hydroperoxide (30f) (Table 4.7) 
ļǶƬ͖ A2CEğƧɋ˄ȲÀĖɗ 69%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.10 (s, 1H), 7.40 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 5.20 (dd, J = 3.4, 8.7 Hz, 1H), 3.73, (dd, J = 8.7, 
10.6 Hz, 1H), 3.61 (dd, J = 3.4, 10.6 Hz, 1H), 3.41 (s, 3H), 1.31 (s, 9H).; 13C NMR: (100 MHz, CDCl3): δ 151.6, 
134.0, 126.7, 125.6, 86.4, 74.9, 59.2, 34.5, 31.2. Elemental Analysis: Anal. Calcd for C13H20O3: C, 69.61; H, 8.99, 
Found: C, 69.33; H, 9.07.; FTIR: (neat): 3332, 2962, 1513, 1462, 1364, 1270, 1197, 1108, 1084, 1018, 968, 912, 862, 




2-Methoxy-1-(4-acetoxyphenyl)ethyl hydroperoxide (30g) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 23%, Rf = 0.3 (Hexane : EtOAc = 2 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.79 (br, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 5.21 (dd, J = 3.4, 8.2 Hz, 1H), 3.71 (dd, J = 8.2, 
11.1 Hz, 1H), 3.62 (dd, J = 3.4, 11.1 Hz, 1H), 3.42 (s, 3H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 169.5, 150.8, 
134.8, 128.2, 121.8, 86.0, 74.7, 59.3, 21.0.; Elemental Analysis: Anal. Calcd for C11H14O5: C, 58.40; H, 6.24, Found: 
C, 58.29; H, 6.21.; FTIR: (neat): 3319, 2918, 1747, 1606, 1509, 1472, 1452, 1421, 1369, 1206, 1126, 1108, 1087, 
1056, 4016, 960, 916, 853, 819, 728, 669 (cm−1).; m.p.: 109-111 ºC. 
 
2-Methoxy-1-[4-(methoxycarbonyl)phenyl]ethyl hydroperoxide (30h) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 11%, Rf = 0.2 (Hexane : EtOAc = 3 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.07 (s, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 5.26 (dd, J = 3.4, 8.2 Hz, 1H), 3.92 (s, 3H), 3.70 
(dd, J = 8.2, 10.9 Hz, 1H), 3.62 (dd, J = 3.4, 10.9 Hz, 1H), 3.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.8, 142.4, 
130.3, 129.9, 126.9, 86.2, 74.5, 59.4, 52.2.; Elemental Analysis: Anal. Calcd for C11H14O5: C, 58.40; H, 6.24, Found: 
C, 58.12; H, 6.20.; FTIR: (neat): 3309, 2891, 1716, 1613, 1578, 1451, 1440, 1420, 1311, 1275, 1194, 1175, 1127, 
1102, 1087, 1058, 1018, 961, 916, 865, 831, 804, 770, 707, 679 (cm−1).; m.p.: 115-116 ºC. 
 
α-(Methoxymethyl)- 4-(1,3-dioxolan-2-yl)-benzenemethanol (32i) (Table 4.7) 
ļǶƬ͖ A2CEğƧɱɬĄğɓ 30i 4 1H NMR Ėɗ5 5.18 ppm (dd, J = 3.4, 8.2 Hz, 1H) Dʑé
1H NMR Ėɗ 48% ʗɝƧɓJʗɝƧɓJļǶƬ͖ C2CEèɚɋ˄ȲÀĖɗ 47%, Rf = 0.2 (Hexane : 
EtOAc = 2 : 1), 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 5.80 (s, 1H), 4.90 
(d, J = 8.7 Hz, 1H), 4.15-4.00 (m, 4H), 3.52 (dd, J = 3.4, 9.7 Hz, 1H), 3.45-3.38 (m, 4H), 2.95 (s, 1H); 13C NMR (100 
MHz, CDCl3) δ 138.3, 138.2, 127.0, 126.8, 103.4, 86.4, 74.8, 65.3, 59.3.; HRMS: m/z (DART) calcd for C12H17O4 
(M+H)+: 225.1121, Found: 225.1123.; FTIR: (neat): 3415, 2889, 1698, 1609, 1386, 1305, 1210, 1116, 1074, 1018, 
969, 942, 905, 829, 729 (cm−1). 
 
2-Methoxy-1-(3-methylphenyl)ethyl hydroperoxide (30j) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 50%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.90 (s, 1H), 7.29-7.25 (m, 1H), 7.20-7.10 (m, 3H), 5.19 (dd, J = 3.4, 8.7 Hz, 1H), 3.72, (dd, J = 8.7, 11.1 Hz, 1H), 
3.57 (dd, J = 3.4, 11.1 Hz, 1H), 3.42 (s, 3H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.5, 137.0, 129.5, 128.6, 
127.7, 124.0, 86.7, 75.1, 59.3, 21.4.; Elemental Analysis: Anal. Calcd for C10H14O3: C, 65.92; H, 7.74, Found: C, 
65.14; H, 7.78.; FTIR: (neat): 3309, 2898, 1609, 1476, 1449, 1407, 1383, 1345, 1192, 1157, 1117, 1100, 1078, 1051, 




2-Methoxy-1-(2-methylphenyl)ethyl hydroperoxide (30k) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 49%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR: (400 MHz, CDCl3): 
δ 9.06 (br, 1H), 7.39-7.3.7 (m, 1H), 7.26-7.17 (m, 3H), 5.50 (dd, J = 2.4, 8.7 Hz, 1H), 3.69, (dd, J = 8.7, 11.1 Hz, 
1H), 3.57 (dd, J = 2.4, 11.1 Hz, 1H), 3.43 (s, 3H), 2.40 (s, 3H); 13C NMR: (100 MHz, CDCl3): δ 135.9, 135.0, 130.7, 
128.3, 126.3, 125.9, 83.3, 74.5, 59.3, 19.0.; Elemental Analysis: Anal. Calcd for C10H14O3: C, 65.92; H, 7.74, Found: 
C, 65.72; H, 7.69.; FTIR: (neat): 3344, 2989, 2939, 1477, 1448, 1406, 1381, 1279, 1257, 1216, 1194, 1112, 1077, 
1058, 966, 915, 874, 853, 819, 765, 727 (cm−1).; m.p.: 52-54 ºC. 
 
2-Methoxy-1-methyl-1-phenylethyl hydroperoxide (30l) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 60%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR: (400 MHz, CDCl3): 
δ 8.25 (br, 1H), 7.50-7.15 (m, 5H), 3.80, (d, J = 10.4 Hz, 1H), 3.70 (d, J = 10.4 Hz, 1H), 3.42 (s, 3H), 1.62 (s, 3H) 
13C NMR: (100 MHz, CDCl3): δ 141.8, 128.5, 127.8, 125.8, 85.5, 77.4, 59.6, 21.7.; Elemental Analysis: Anal. Calcd 
for C10H14O3: C, 65.92; H, 7.74, Found: C, 65.79; H, 7.72.; FTIR: (neat): 3350, 2999, 2901, 1494, 1469, 1450, 1397, 
1378, 1247, 1194, 1141, 1094, 1031, 975, 950, 932, 858, 770, 728, 704 (cm−1).; m.p.: 66-67 ºC. 
 
2-Methoxy-1,1-diphenylethyl hydroperoxide (30m) (Table 4.7) 
ļǶƬ͖ A2CEğƧɋ˄ȲÀĖɗ 59%, Rf = 0.3 (Hexane : EtOAc = 10 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.75 (br, 1H), 7.39-7.23 (m, 10H), 4.27, (s, 2H), 3.43 (s, 3H); 13C NMR: (100 MHz, CDCl3): δ 140.9, 128.2, 127.8, 
127.2, 88.5, 76.8, 59.5.; Elemental Analysis: Anal. Calcd for C15H16O3: C, 73.75; H, 6.60, Found: C, 73.63; H, 6.60.;  
FTIR: (neat): 3356, 2925, 1599, 1493, 1448, 1279, 1193, 1120, 1091, 1060, 1029, 1002, 909, 841, 755, 731, 697 
(cm−1). 
  
α-(1-Methoxyethyl)-benzenemethanol (32n)71a (Table 4.7) 
ļǶƬ͖ A2CEğƧɱɬĄğɓ 30n 4 1H NMR Ėɗ5 5.02 ppm (dd, J = 3.9 Hz, 1H)  4.87 ppm (dd, 
J = 7.7 Hz, 1H) Dʑé1H NMR Ėɗ 60% (d.r. = 1.7 : 1) ʗɝƧɓJļǶƬ͖ C2CEèɚɋ˄Ȳ
ÀĖɗ 50%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) mixture of diastereomers δ 7.36-
7.28 (m, 8H), 4.92 (s, 1H), 4.40 (d, J = 8.2 Hz, 0.6H), 3.47-3.34 (m, 5.3H), 3.28 (s, 1H), 2.58 (s, 1H), 0.98 (d, J = 6.8 
Hz, 4.8H); 13C NMR: (100 MHz, CDCl3): mixture of diastereomers δ 140.5, 140.5, 128.4, 128.2, 128.0, 127.3, 126.3, 
81.7, 80.7, 78.3, 74.4, 56.7, 56.6, 14.6, 12.5. 
 
β-Hydroperoxy-benzeneethanol (30o)71b (Table 4.7) 
ļǶƬ͖ A 2CEğƧȟ/Mdo4ȴğȿŐJĕƜȿŐ/ -Åɟɫ˄ĳÀĖɗ 47%, Rf = 0.2 
(Hexane : EtOAc = 3 : 2), 1H NMR (500 MHz, CDCl3) δ 8.80 (br, 1H), 7.41-7.33 (m, 5H), 5.14 (dd, J = 3.4, 8.0 Hz, 
1H), 3.93-3.89 (m, 1H), 3.83-3.80 (m, 1H), 2.57 (brs, 1H); 13C NMR: (125 MHz, CDCl3): δ 136.7, 128.7, 127.0, 88.5, 




2-Ethoxy-1-phenylethyl hydroperoxide (30p) (Table 4.7) 
ļǶƬ͖ A2CEğƧɋ˄ȲÀĖɗ 47%, Rf = 0.3 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.29 (br, 1H), 7.42-7.37 (m, 5H), 5.27 (dd, J = 3.2, 8.7 Hz, 1H), 3.78 (dd, J = 8.7, 10.9 Hz, 1H), 3.69 (dd, J = 3.2, 
10.9 Hz, 1H), 3.61 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 137.3, 128.6, 128.5, 
127.0, 86.7, 73.1, 67.1, 14.9.; Elemental Analysis: Anal. Calcd for C10H14O3: C, 65.92; H, 7.74, Found: C, 65.95; H, 
7.71.; FTIR: (neat): 3368, 2979, 2901, 2878, 1491, 1455, 1421, 1379, 1365, 1351, 1202, 1163, 1131, 1113, 1095, 
1067, 1056, 1028, 919, 896, 853, 806, 762, 702 (cm−1). 
 
α-(n-Propoxymethyl)-benzenemethanol (32q) (Table 4.7) 
ļǶƬ͖ A2CEğƧɱɬĄğɓ 30q 4 1H NMR Ėɗ5 5.21 ppm (dd, J = 3.4, 8.7 Hz, 1H) Dʑé
1H NMR Ėɗ 30% ʗɝƧɓJļǶƬ͖ C2CEèɚɋ˄ȲÀĖɗ 28%, Rf = 0.2 (Hexane : EtOAc 
= 7 : 1), 1H NMR (500 MHz, CDCl3) δ 7.40-7.27 (m, 5H), 4.90-4.89 (m, 1H), 3.59, (dd, J = 2.9, 9.7 Hz, 1H), 3.53-
3.41 (m, 3H), 2.88 (br, 1H), 1.64 (septet, J = 7.5 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 
140.2, 128.3, 127.8, 126.1, 76.3, 73.0, 72.7, 22.8, 10.5.; HRMS: m/z (DART) calcd for C12H17O2 (M+H)+: 181.1223, 
Found: 181.1228.; FTIR: (neat): 3427, 2962, 2876, 1495, 1453, 1198, 1107, 1064, 1028, 961, 912, 829, 756, 698 
(cm−1). 
  
2-i-Propoxy-1-phenylethyl hydroperoxide (30r) (Table 4.7) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 17%, Rf = 0.3 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 9.24 (br, 1H), 7.40-7.30 (m, 5H), 5.22 (dd, J = 3.4, 8.7 Hz, 1H), 3.76 (dd, J = 8.7, 11.1 Hz, 1H), 3.70-3.63 (m, 2H), 
1.21-1.18 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 137.1, 128.6, 128.6, 127.0, 86.9, 72.8, 71.4, 21.9, 21.8.; Elemental 
Analysis: Anal. Calcd for C11H16O3: C, 67.32; H, 8.22, Found: C, 67.05; H, 8.24.; FTIR: (neat): 3378, 2976, 2928, 
1495, 1468, 1456, 1407, 1388, 1356, 1336, 1255, 1203, 1149, 1126, 1076, 1057, 1028, 930, 869, 831, 799, 763, 703 
(cm−1).; m.p.: 44-46 ºC. 
 
2-Hydroxy-2-phenylethyl benzoate (32s)71c (Table 4.7) 
ļǶƬ͖ A2CEğƧŖơ̯͠5 5.0 Ɖ̲ȵþaXh (2 mL) JĕƜȿŐ/ -Åɟɱ
ɬĄğɓ 30s 4 1H NMR Ėɗ5 4.83 ppm (d, J = 12.6 Hz, 1H) Dʑé1H NMR Ėɗ 21% ʗɝƧɓ
JļǶƬ͖ C2CEèɚɋ˄ȲÀĖɗ 14%, Rf = 0.3 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.06 (d, J = 7.7 Hz, 1H), 7.59 (t, J = 7.2 Hz, 1H), 7.48-7.32, (m, 7H), 5.14-5.12 (m, 1H), 4.54 (dd, J = 3.4, 11.6 Hz, 
1H), 4.44 (dd, J = 8.2, 11.6 Hz, 1H), 2.61 (br, 1H); 13C NMR (100 MHz, CDCl3): δ 166.8, 139.9, 133.3, 129.8, 129.8, 




1-(Methoxymethyl)-1,2-dimethyl-2-propenyl hydroperoxide (30t) (Table 4.7) 
ļǶƬ͖ A2CEğƧɋ˄ȲÀĖɗ 24%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (400 MHz, CDCl3) 
δ 8.28 (s, 1H), 5.02 (dd, J = 1.2, 10.1 Hz, 2H), 3.70 (d, J = 10.1 Hz, 1H), 3.55 (d, J = 10.1 Hz, 1H), 3.43 (s, 3H), 1.84 
(s, 3H), 1.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 145.4, 112.7, 85.6, 76.0, 59.5, 19.8, 19.0.; HRMS: m/z (DART) 
calcd for C7H15O3 (M+H)+: 147.1016, Found: 147.1012.; FTIR: (neat): 3351, 2926, 1645, 1450, 1375, 1200, 1097, 
977, 902, 845 (cm−1). 
 
6-Hydroxy-3,7-dimethyl-7-octenoic acid methyl ester (32u') + 7-Hydroxy-3,7-dimethyl-5-octenoic acid methyl 
ester (32u") (Scheme 4.15) 
ļǶƬ͖ A2CEğƧĖɗ 76% (30u' : 30u" = 1 : 1.1), Rf = 0.3 (Hexane : EtOAc = 5 : 1) GJļǶƬ
͖ C2CEèɚĕƜǧ̺ 21 ǧ̺ɋ˄ȲÀĖɗ 33% (32u') ē7 36% (32u"), Rf (32u') = 0.33 (Hexane : 
EtOAc = 4 : 1), Rf (32u") = 0.27 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) 32u' mixture of diastereomers 
δ 4.94 (s, 2H), 4.83 (d, J = 1.7 Hz, 2H), 4.06-4.03 (m, 2H), 3.67 (s, 3H), 3.66 (s, 3H), 2.34-2.30 (m, 4H), 2.01-1.94 
(m, 2H), 1.72 (s, 9H), 1.64-1.12 (m, 11H), 0.96 (d, J = 2.3 Hz, 3H), 0.95 (d, J = 2.3 Hz, 3H); 32u" δ 5.64 (d, J = 15.5 
Hz, 1H), 5.58 (dt, J = 5.7, 15.5 Hz, 1H), 3.67 (s, 3H), 2.32 (dd, J = 5.2, 14.9 Hz, 1H), 2.13-1.94 (m, 4H), 1.53 (brs, 
1H), 1.31 (s, 6H), 0.95 (d, J = 5.7 Hz, 3H); 13C NMR: (125 MHz, CDCl3): 32u' mixture of diastereomers δ 173.7, 
173.6, 147.4, 147.3, 111.3, 111.0, 76.1, 75.8, 51.4, 41.5, 41.5, 32.4, 32.3, 32.1, 32.0, 30.3, 30.1, 19.7, 19.7, 17.5, 17.3 
32u" δ 173.6, 140.2, 124.5, 70.6, 51.4, 40.9, 39.2, 30.4, 29.8, 29.8, 19.7.; HRMS: m/z (DART) calcd for C11H21O3 
(M+H)+: 201.1485, Found: 201.1483.; FTIR: (neat): 3427, 2956, 1736, 1437, 1367, 1204, 1154, 1094, 1008, 974, 
898 (cm−1). 
 
Tetrahydro-α-phenyl-2-furanmethyl hydroperoxide (30v) (Scheme 4.16) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 58% (d.r. = 1.2 : 1.0), Rf = 0.3 (Hexane : EtOAc = 3 : 1), Major 1H 
NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 7.40-7.33 (m, 5H), 5.07 (d, J = 4.4 Hz, 1H), 4.26-4.21, (m, 1H), 3.84-3.73 
(m, 2H), 1.93-1.78 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 137.4, 128.5, 128.4, 127.4, 88.9, 80.4, 68.8, 26.9, 25.5. 
Minor 1H NMR (400 MHz, CDCl3) δ 9.51 (s, 1H), 7.42-7.30 (m, 5H), 4.84 (d, J = 8.2 Hz, 1H), 4.25, (ddd, J = 7.2, 
7.7, 8.2 Hz, 1H), 4.01-3.88 (m, 2H), 1.95-1.78 (m, 2H), 1.71-1.50 (m, 2H); 13C NMR: (100 MHz, CDCl3): δ 136.9, 
128.8, 128.7, 127.7, 90.4, 81.9, 68.8, 28.9, 25.4.; HRMS: m/z (DART) calcd for C11H15O3 (M+H)+: 195.1016, Found: 
195.1013.; FTIR: (neat): 3268, 2884, 11494, 1454, 1345, 1207, 1057, 1012, 954, 925, 867, 835, 798, 755, 694 (cm−1).; 




4-(4-Methyl-isochromanyl) hydroperoxide (30w) (Scheme 4.16) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 73%, Rf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (500 MHz, CDCl3) 
δ 7.91 (s, 1H), 7.54 (dd, J = 3.5, 8.0 Hz, 1H), 7.32-7.27 (m, 2H), 7.04, (dd, J = 3.5, 8.0 Hz, 1H), 4.83 (d, J = 14.9 Hz, 
1H), 4.75 (d, J = 14.9 Hz, 1H), 4.34 (d, J = 12.0 Hz, 1H), 3.74 (d, J =12.0 Hz, 1H), 1.55 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 135.6, 134.7, 128.2, 127.3, 126.3, 124.2, 79.0, 71.1, 68.5, 22.4.; Elemental Analysis: Anal. Calcd for 
C10H12O3: C, 66.65; H, 6.71, Found: C, 66.39; H, 6.62.; FTIR: (neat): 3294, 2982, 1723, 1490, 1468, 1456, 1380, 
1365, 1306, 1280, 1261, 1215, 1159, 1126, 1086, 1034, 1014, 954, 931, 900, 855, 772, 733, 707, 657 cm−1.; m.p.: 
69-72 ºC. 
 
4-[1,2,3,4-Tetrahydro-4-methyl-2-(methylsulfonyl)-isoquinolinyl] hydroperoxyde (30x) (Scheme 4.16) 
ļǶƬ͖ A2CEğƧɫ˄ĳÀĖɗ 11%, Rf = 0.2 (Hexane : EtOAc = 3 : 2), 1H NMR (500 MHz, CDCl3) 
δ 8.44 (s, 1H), 7.57 (dd, J = 3.5, 5.5 Hz, 1H), 7.35-7.33 (m, 2H), 7.15, (dd, J = 3.5, 5.5 Hz, 1H), 4.59 (d, J = 16.3 Hz, 
1H), 4.50 (d, J = 16.3 Hz, 1H), 4.25 (d, J = 13.8 Hz, 1H), 3.29 (d, J =13.8 Hz, 1H), 2.93 (s, 3H), 1.66 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 134.4, 132.6, 129.0, 127.8, 127.6, 126.1, 79.9, 49.7, 47.6, 37.8, 21.9.; HRMS: m/z (DART) 
calcd for C11H16NO4S (M+H)+: 258.0795, Found: 258.0797. FTIR: (neat): 3401, 2931, 1705, 1496, 1450, 1373, 1356, 
1312, 1265, 1145, 1133, 1047, 1036, 972, 947, 810, 767, 752, 722 (cm−1). 
 
Synthesis of 2,2,6,6-tetramethyl-1-[(2-methoxy-1-phenyl)ethoxy]-pyperidine (33a) (Table 4.8): bj (29a, 
0.30 mmol) 2,2,6,6-mojza 1-SV` (1.0 equiv) ̢ŀʞĄ 9-`j-10-jM
XarP (0.10 equiv) ̯ ĄYs`P (2.0 equiv) 4̭̯Rj (4 mL) /M\ (1 mL) 4
ȴğȿȲ2Ť ̯ʞ͍ĲȞ¡ÛɎŦ (EFD21EN from TOSHIBA) ŜȺ. 10 ǧ̺Ǌƶ (ƕ
DG(ĕƜȴğɓJRvh.Ɇʬ ʗɝƧɓJƕ(ʨ-ʗɝƧɓJ`T[T 
(Hexane : EtOAc = 20 : 1) 2CEʘ˟ TEMPO ´þÀ 33a Jƕ(ɋ˄ȲÀĖɗ 10%, Rf = 0.3 
(Hexane : EtOAc = 20 : 1), 1H NMR (500 MHz, CDCl3) δ 7.37-7.3 (m, 5H), 4.80 (dd, J = 4.8, 6.3 Hz, 1H), 3.88 (dd, 
J = 4.8, 10.1 Hz, 1H), 3.65 (dd, J = 6.8, 10.1 Hz, 1H), 3.26 (s, 3H), 1.50-0.66 (m, 18H); 13C NMR (125 MHz, CDCl3) 
δ 141.8, 127.9, 127.7, 127.3, 85.2, 75.4, 59.1, 40.4, 29.7, 20.4, 17.2.; HRMS: m/z (DART) calcd for C9H12O3 (M+H)+: 
292.2271, Found: 292.2271.; FTIR: (neat): 2928, 1454, 1376, 1361, 1258, 1242, 1192, 1127, 1025, 958, 932, 883, 





Synthesis of 4-fluorostyrene (29b)71d (Table 4.7): M]JÙŁ ({b\2Ť MeP+Ph3I– (6.0 mmol, 
2.0 equiv) 4 10 mL moxp{ȿȲJþ({b\J –40 ºC <.æĎ &2 nBuLi 
(2.2 M in nHexane, 1.4 mL, 4.6 mmol, 1.5 equiv) Jɂ ,,þ(&4ƒĕƜȴğɓJŜȺ<.ǢȺ
 30 ê̺Ǌƶ (å7{b\J −40 ºC <.æĎ 4-{ScMnxp (3.0 mmol, 1.0 
equiv) Jþ(ƕDG(ĕƜȴğɓJŜȺ¡ňǊƶ (ĕƜȲJ͞ħŀĄMrPȟȿȲ 
(20 mL) .èɚ êȲ (ƒȟŭJaRjRm (20 mL) 2-×įƴé (ǱȑŭJ͞ħ͝
ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P.§ɐɇ̢ Rvh.Ɇʬ (ƕDG(
ʗɝƧɓJX[2C+-ʘ˟ 4-{Sbj (29b) JĖɗ 39% (0.14 g) .ƕ(ɋ
˄ȲÀ1H NMR (400 MHz, CDCl3) δ 7.39-7.35 (m, 2H), 7.04-6.99, (m, 2H), 6.69 (dd, J =11.1, 17.4 Hz, 1H), 5.67 
(d, J = 17.4 Hz, 1H), 5.22 (d, J = 11.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 162.5 (d, J = 246.6 Hz), 135.7, 133.7 
(d, J = 3.3 Hz), 127.8 (d, J = 8.2 Hz), 115.4 (d, J = 22.2 Hz), 113.5 (d, J = 1.6 Hz). 
 
Synthesis of 4-acetoxystyrene (29g)71e (Table 4.7): ʊʞJÙŁ ({b\2Ť 4-xpV`cM
nxp (4.1 mmol, 1.0 equiv) oRjM (4.1 mmol, 1.0 equiv) 4 12 mL aXhȿȲ
Jþ({b\J 0 ºC <.æĎ &2ŀĄMdj (4.1 mmol, 1.0 equiv) Jɂ ,,þ
30 êǊƶ (ĕƜȲJɉ̯ȟʞqoPȟȿȲ (20 mL) .èɚ êȲ (ƒȟŭJaRjR
m (20 mL) 2-×įƴé (ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P.§
ɐɇ̢ Rvh.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY{N 
(Hexane : EtOAc = 1 : 1) 2C+-ʘ˟ 4-MdoV`cMnxpJĖɗ 90% (0.61 g) .ƕ(4-
MdoV`cMnxp (3.0 mmol) MeP+Ph3I− (1.2 equiv)  ɉ̯TP (1.2 equiv) 4 10 mL 
moxp{ȿȲJ{b\2þM]ʮǅ (ƒþɏ̪ȫǹ¸¡ňǊƶ (ĕƜ
ȲJRvh.Ɇʬ ƕDG(αȹ2ȟ (10 mL) Jþ(&2aRjRmJþ
ȟŭJaRjRm.×įƴé (ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P
.§ɐɇ̢ Rvh.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY{N
 (Hexane : EtOAc = 10 : 1) 2C+-ʘ˟ 4-MdoV`bj (29g) JĖɗ 44% (0.22 g) .ƕ(
ɫ˄ĳÀ1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.5 Hz, 2H), 7.03, (d, J = 8.5 Hz 2H), 6.67 (dd, J = 11.1, 17.9 
Hz, 1H), 5.68 (d, J = 17.9 Hz, 1H), 5.22 (d, J = 11.1 Hz, 1H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 169.3, 
150.1, 135.8, 135.2, 127.1, 121.5, 113.9, 20.8. 
 
Synthesis of methyl 4-ethenylbenzoate (29h)71f (Table 4.7): ʊʞJÙŁ ({b\2Ť m{hM
nxp̯ (6.7 mmol, 1.0 equiv) Ɇɻ̯ (0.26 mL)  4 18 mL htȿȲJþ(4ĕƜȴğ
ɓJþɏ̪ȫǹ¸¡ňǊƶ (ĕƜȲJ 1 M ȟ̯ĄqoPȟȿȲ (10 mL) .èɚ êȲ 
(ƒȟŭJ̭̯Rj (10 mL) 2-×įƴé (ǱȑŭJRvh.Ɇʬ (ƒ0.5 M ŀ
̯ (10 mL) þ4ȴğɓJŻȺ. 2 ǧ̺Ǌƶ (ĕƜȲJ 1 M ȟ̯ĄqoPȟȿȲ (10 mL) 
.¡ħ êȲ (ƒȟŭJ̭̯Rj (10 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩ
Ȭ (ƒɻĄYs`P.§ɐɇ̢ Rvh.Ɇʬ"F/.ʗ 4-Ŗơ̯͠
jJƕ(ʨ-MeP+Ph3I− (3.3 mmol, 1.2 equiv) 4moxp{ (10 mL) / DMSO (2.6 mL) 
95 
 
/4ȴğȿȲJM]ʮǅ ({b\2þ({b\J 0 ºC <.æĎ (ƒȟʞĄqoP
 (60%, dispersion in paraffin liquid, 0.13 g, 3.3 mmol, 1.1 equiv.) JþȴğȲJŜȺ. 30 êǊƶ (
åƂ{b\J 0 ºC <.æĎ (ƒʗ 4-Ŗơ̯͠jJþĕƜȴğɓJŜȺ.¡ňǊ
ƶ (ĕƜȲ2ȟ (10 mL) JþêȲ (ƒaRjRm (20 mL) .×įƴéJ˗+(ȟ
ŭJaRjRm (20 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄY
s`P.§ɐɇ̢ Rvh.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY
{N (Hexane : EtOAc = 40 : 1) 2C+-ʘ˟ 4-RmrŖơ̯͠j (29h) JĖɗ 73% (0.36 
g) .ƕ(ɫ˄ĳÀ1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.2 Hz, 2H), 7.46, (d, J = 8.2 Hz 2H), 6.75 (dd, 
J = 11.1, 17.4 Hz, 1H), 5.86 (d, J = 17.4 Hz, 1H), 5.38 (d, J = 11.1 Hz, 1H), 3.91 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 166.9, 141.9, 136.0, 129.9, 129.3, 126.1, 116.5, 52.0. 
 
Synthesis of 2-(4-ethenylphenyl)-1,3-dioxolane (29i)71g (Table 4.7): 2-(4-|{Qr)-1,3-aSVf 
(25 mmol, 1.0 equiv) TPyro{So (38 mmol, 1.5 equiv) ɉ̯TP (38 
mmol, 1.5 equiv) ē7 moVbͦo{Qrb{NͧwaP (0.43 mmol, 0.017 equiv) 4 
moxp{ (45 mL) /ȟ (5 mL) /4ȴğȿȲJçʦʹȞM]ʮǅ (ƒþɏ̪ȫǹ
¸.¡ňǊƶ (ĕƜȲJdOo.ɇ̢ ɇȲJRvh.Ɇʬ (ƕDG(ʗɝƧɓ
J`T[TXoY{N2CEʘ˟ 2-(4-Rmr{Qr)-1,3-aSVf (29i) 
JĖɗ 69% (3.0 g) .ƕ(ɋ˄ȲÀ1H NMR (500 MHz, CDCl3) δ 7.44 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.6 
Hz, 2H), 6.73 (dd, J = 10.9, 17.2 Hz, 1H), 5.81 (s, 1H), 5.77 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 10.9 Hz, 1H), 4.14-
4.02 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 138.5, 137.3, 136.4, 126.6, 126.2, 114.4, 103.5, 66.3. 
 
Synthesis of 3,7-dimethyl-6-octenoic acid methyl ester (29u)71h (Scheme 4.15): `os (5.0 mmol, 1.0 
equiv) 4 50 mL MdoȿȲ2ac˱˒ (8.0 M in H2SO4 aq. solution, 25 mL) JþŜȺ.«ǧ
̺Ǌƶ (ĕƜȴğɓJOf}zM\ (30 mL) .èɚ ȿȲJRvh.Ɇʬ 
(αȹ2 0.5 M ŀ̯ (20 mL) Jþ̭ ̯Rj2ȿ˧$̭ ̯Rj (20 mL) .×įƴé (
ǱȑŭJɻĄYs`P.§ɐɇ̢ Rvh.Ɇʬ"F/.ŤƜ"FT̯Jƕ
(4T̯Jht (30 mL) 2ȿ˧$Ɇɻ̯ (1.0 mL) Jþ(4ȴğɓJþɏ̪
ȫǹ¸¡ňǊƶ (ĕƜȲJ 1 M ȟ̯ĄqoPȟȿȲ (20 mL) .èɚ êȲ (ƒȟŭ
J̭̯Rj (10 mL) .×įƴé (ǱȑŭJRvh.Ɇʬ (ƒαȹ2woRb
̯ȟħɓ (0.30 g) /oR (30 mL) Jþþɏ̪ȫǹ¸1 ǧ̺Ǌƶ (ĕƜȴğɓ
J 1 M ȟ̯ĄqoPȟȿȲ (20 mL) .èɚ êȲ (ƒ̭ ̯Rj (10 mL) .×įƴé (
ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P.§ɐɇ̢ Rvh.Ɇʬ
 (ƕDG(ʗɝƧɓJ`T[TXoY{N (Hexane : EtOAc = 35 : 1) 2C+-ʘ˟
 3,7-aj-6-SXm̯jRbm (29u) JĖɗ 27% (0.25 g) .ƕ(ɋ˄ȲÀ1H NMR 
(400 MHz, CDCl3) δ 5.08 (t, J = 5.7 Hz, 1H), 3.66, (s, 3H), 2.32 (dd, J = 5.7, 14.9 Hz, 1H), 2.12 (dd, J = 8.6, 14.9 
Hz, 1H), 2.01-1.94 (m, 3H), 1.67 (s, 3H), 1.59 (s, 3H), 1.37-1.18 (m, 2H), 0.94 (d, J = 6.3 Hz, 3H); 13C NMR (100 




Synthesis of 5-phenyl-4-penten-1-ol (29v)71i (Scheme 4.16): -|jXo (23 mmol, 1.0 equiv) / ʽĄ
ȟʞ̯ (30% in acetic acid, 5.0 mL, 26 mmol, 1.1 equiv.) Jȴğ þɏ̪ȫǹ¸4 ǧ̺ǊƶJ˗+(
ĕƜȴğɓJŜȺ<.æĎ ht (8.0 mL) Jþ(ƒŜȺ.¡ňǊƶ (ĕƜȲJRv
h.Ɇʬ -D͞ħȟ̯ĄqoPȟȿȲ (50 mL) Jþ̭̯Rj2ȿ˧$ȟŭ
J̭̯Rj (30 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (40 mL) .ȩȬ (ƒɻĄYs`P
.§ɐɇ̢ Rvh.Ɇʬ"F/.ʗj-4-||htRoJĖɗ 62% (2.6 g) 
.ƕ(ʗj-4-||htRo (14 mmol, 1.0 equiv) /o{Qrb{N (1.0 equiv) J
{b\2þʊʞʮǅ (ƒþɏ̪ȫǹ¸.¡ňǊƶ (ĕƜȴğɓJ 17 ºC <.é
ɘ (μγɓJɇ̢ aRjRm (100 mL) .""/.ŤƜ"FbrP|p
Ėɗ 68% (4.4 g) .ƕDG(brP|p (3.3 mmol, 1.1 equiv) Jmoxp{ (9.0 
mL) / DMSO (2.3 mL) 4ȴğȿȲ/á2{b\2þM].ʮǅ ({b\J 0 ºC <.
æĎ (ƒȟʞĄqoP (60%, dispersion in paraffin liquid, 3.3 mmol, 1.1 equiv) JþŜȺ. 30 
êǊƶ (å7{b\J 0 ºC <.æĎ &2cMnxp (3.0 mmol, 1.0 equiv) Jþ
ĕƜȴğɓJŜȺ.¡ňǊƶ (ƕDG(ĕƜȲJȟ (10 mL) .èɚ X (20 mL) .×
įƴé (ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P.§ɐɇ̢ Rv
h.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY{N (Hexane : EtOAc = 20 : 1) 
2C+-ʘ˟ ŤƜ"FMZJĖɗ 84% (0.48 g) .ƕ(4MZ4 5 mL aXh
ȿȲ2 DIBAL-H (0.98 M in nHexane, 5.7 mL, 5.5 mmol, 2.2 equiv.) J0 ºC M]͍ĲȞɂ 
1Dþ(ĕƜȴğɓJŜȺ2ƪ ¡ňǊƶJ˗+(ĕƜȴğɓJht (5 mL) .èɚ 
͞ħho̯qoPTPȟȿȲJþ(4ȴğɓJ̭̯Rj (20 mL) .×įƴé 
(ǱȑŭJ͞ħ͝ŀȟ (30 mL) .ȩȬ (ƒɻĄYs`P.§ɐɇ̢ Rvh.
Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY{N (Hexane : EtOAc = 3 : 1) 2C+-
ʘ˟ 5-{Qr-4-m-1-SJĖɗ 82% (0.34 g, E / Z = 1 : 12) .ƕ(ɋ˄ȲÀ1H NMR 
(400 MHz, CDCl3) major δ 7.32-7.17 (m, 5H), 6.43, (d, J = 11.8 Hz, 1H), 5.64 (dt, J = 7.2, 11.8 Hz, 1H), 3.57 (t, J 
= 6.8 Hz, 2H), 2.44-2.35 (m, 3H), 1.70-1.62 (m, 2H); 13C NMR (100 MHz, CDCl3) major δ 137.4, 132.0, 129.3, 
128.6, 128.1, 126.5, 62.0, 32.6, 24.7. 
 
Synthesis of 2-(1-methylethenyl)-benzenemethanol (29w)71j (Scheme 4.16): ɋȟ{h̯  (58 mmol, 1.0 
equiv) /oRjM (4.3 mL) Jȴğ 80 ºC .Ǌƶ (Ǌƶ¡4ȴğɓ2Ť ̯ (70 
mmol, 1.2 equiv) JĈį2ê-Įǧ̺-þ(&4ƒĕƜȴğɓJĠ!ȺƂ.¡ňǊƶ (
ĕƜȲ2ȟ (30 mL) Jþ30 ê̺Ǌƶ (&8 1 M ȟ̯ĄqoPJĕƜȿȲ4 pH  13 
21F<.þ(&4ƒȟŭJX (20 mL) .×įƴé (&4ƒȟŭ2 1 M ŀ̯J
ĕƜȿȲ4 pH  1 21F<.þ(ƕDG(ȟȿȲJ̭̯Rj (30 mL) .×įƴé (4
ǱȑŭJ͞ħ͝ŀȟ (40 mL) .ȩȬ (ƒɻĄYs`P.§ɐɇ̢ Rvh.Ɇʬ
"F/.ŤƜ"FZoJĖɗ 52% (4.9 g) .ƕ(ʨ-MeP+Ph3I− (11 mmol, 1.1 equiv) 4mo
xp{ (30 mL) / DMSO (7.6 mL) /4ȴğȿȲJM]ʮǅ ({b\2þ({
b\J 0 ºC <.æĎ (ƒȟʞĄqoP (60%, dispersion in paraffin liquid, 22 mmol, 2.2 equiv.) J
þȴğȲJŜȺ. 30 êǊƶ (åƂ{b\J 0 ºC <.æĎ (ƒğƧ -(ZoÀ 
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(10 mmol, 1.0 equiv) JþĕƜȴğɓJŜȺ.¡ňǊƶ (ĕƜȲ2ȟ (10 mL) JþȟŭJX
 (20 mL) .×įȩȬ (ƒȟŭ2 1 M ŀ̯J pH  1 21F<.þ(ƕDG(ȟȿ
ȲJ̭̯Rj (20 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (40 mL) .ȩȬ (ƒɻĄYs`P
.§ɐɇ̢ Rvh.Ɇʬ"F/.ŤƜ"FMZJĖɗ 72% (1.2 g) .ƕ(
4MZ4 15 mL aXhȿȲ2 DIBAL-H (0.98 M in hexane, 24 mmol, 3.3 equiv.) J0 ºC 
M]͍ĲȞɂ 1Dþ(ĕƜȴğɓJŜȺ2ƪ ¡ňǊƶJ˗+(ĕƜȴğɓJ
ht (10 mL) .èɚ ͞ħho̯qoPTPȟȿȲ (20 mL) Jþ(4ȴğ
ɓJ̭̯Rj (30 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (40 mL) .ȩȬ (ƒɻĄYs`P
.§ɐɇ̢ Rvh.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TXoY{N
 (Hexane : EtOAc = 4 : 1) 2C+-ʘ˟ 2-(1-jRmr)-eht (29w) JĖɗ 
90% (0.98 g) .ƕ(ɋ˄ȲÀ1H NMR (400 MHz, CDCl3) δ 7.41-7.38 (m, 1H), 7.24-7.19, (m, 2H), 7.13-7.11 
(m, 1H), 5.18 (s, 1H), 4.84 (s, 1H), 4.60 (s, 2H), 2.77 (br, 1H), 2.02 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 144.6, 
142.8, 137.2, 128.0, 127.8, 127.2, 127.1, 115.3, 62.6, 24.8. 
 
Synthesis N-[2-(1-methylethenyl)phenyl]-methanesulfonamide (29x) (Scheme 4.16): M]ʮǅ ({
b\4¡2F2-(1-jRmr)eht (29w, 1.0 mmol) {hOp (1.5 equiv) 
o{Qrb{N (2.0 equiv) 4 14 mL moxp{ȿȲ2aOf}zMgaT
V`o (DIAD) (40% in toluene, ca. 1.9 M, 2.0 equiv) Jþ&4ȴğȲJŜȺ.¡ňǊƶ (&4
ƒĕƜȴğɓJRvh.Ɇʬ `T[TXoY{N. (Hexane : EtOAc = 
10 : 1) ʘ˟"F/.ďǚ 29w 4{hOp´þÀJƕ(4{hOp´þÀJ 10 mL 4
ht2ȿ˧$&2xpaȟħɓ (2.5 mmol 2.5 equiv) Jþþɏ̪ȫǹ¸2 ǧ
̺Ǌƶ (ĕƜȲJRvh.Ɇʬ &4αȹ2ȟ (20 mL) Jþ(GJaXh
 (10 mL) ×įƴé (ǱȑŭJ͞ħ͝ŀȟ (10 mL) .ȩȬ ɻĄqoP.§ɐɇ̢ R
vh.Ɇʬ"F/.aM˵ŧÀJƕ(4M (0.80 mmol) /za (1.1 
equiv) 4 3 mL aXhȿȲ2hbrXp (1.0 equiv) JM]͍ĲȞ¡0 ºC 
2-þ(ĕƜȴğɓJŜȺ2ƪ ¡ňǊƶJ˗+(ĕƜȲJ 1 M ȟ̯ĄqoPȟȿȲ (10 
mL) .èɚ ȟŭJaXh (10 mL) .×įƴé (ǱȑŭJ͞ħ͝ŀȟ (10 mL) .ȩȬ 
ɻĄqoP.§ɐɇ̢ Rvh.Ɇʬ (ƕDG(ʗɝƧɓJ`T[TX
oY{N (Hexane / EtOAc = 3 : 1) .ʘ˟ 2-(1-jRmr)-ehbMp 
(29x) JĖɗ 64% (0.13 g) .ƕ(ɋ˄ȲÀRf = 0.2 (Hexane : EtOAc = 5 : 1), 1H NMR (500 MHz, CDCl3) 
δ 7.41-7.20 (m, 1H), 7.31-7.28, (m, 2H), 7.19-7.17 (m, 1H), 5.28 (s, 1H), 4.90 (s, 1H), 4.56 (br, 1H), 4.36 (s, 1H), 
4.35 (s, 1H), 2.85 (s, 3H), 2.09 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 144.6, 143.6, 132.9, 129.0, 128.5, 128.1, 
127.5, 116.0, 45.1, 40.9, 25.1.; HRMS: m/z (DART) calcd for C11H16NO2S (M+H)+: 226.0896, Found: 226.0898.; 
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ļǶƬ͖ͬMVM 37 (0.3 mmol) y{Qr (0.5 equiv) 97% ̢̯ĄȟʞŪʞ (4 equiv) 4
4 mL MdoroȿȲ2Ť N-|bX`Op (NBS, 0.1 equiv) 4 4 mL Mdoroȿ
ȲJþ4ĕƜȿȲJÛɎŦ (470 nm LED) ŜȺ. 20 h Ǌƶ (ƕDG(ĕƜȴğɓJRv
h.Ɇʬ ʗɝƧɓJƕ(4ʗɝƧɓJ 1,1,2,2-moXRh/ȴğ 1H NMR 
êǽ2Fɱɬɓ`Yq/4}oȜD 1H NMR ĖɗJʑé ( 
ʘ˟Ƭ͖ AͬʗɝƧɓJ Biotage ɿ˟ Isolera 4 10 g `T[T (Hexane : EtOAc = 10 : 0 to 4 : 
1, gradient) .ʘ˟ ŤƜ"FxpSV`p 38 Jƕ( 
ʘ˟Ƭ͖ Bͬ ʗɝƧɓ2o{Qrb{N (1.2 mmol) Jþ 5 mL 4aXh2ȿ˧ 
ŻȺ. 4 ǧ̺ǊƶJ˗+(ƕDG(ĕƜȴğɓJRvh.Ɇʬ `T[TX
oY{N (Hexane : EtOAc = 4 : 1) .ʘ˟"F/.ŤƜ"FM\À 40 Jƕ( 
ʘ˟Ƭ͖ Cͬʘ˟Ƭ͖ A2C+-ʘ˟G(Ąğɓ 38 2o{Qrb{N (0.3 mmol) Jþ 
1 mL 4aXh2ȿ˧ ŻȺ. 1 ǧ̺ǊƶJ˗+(ƕDG(ĕƜȴğɓJRvh
.Ɇʬ Biotage ɿ˟ Isolera 4 10 g `T[T (Hexane : EtOAc = 10 : 0 to 4 : 1, gradient) .ʘ
˟"F/.ŤƜ"FM\À 40 Jƕ( 
 
1-Phenyleth-1-yl hydorperoxide (38a)72a (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ͥ˄ȲÀĖɗ 44%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.94 (s, 1H), 7.40-4.32 (m, 5H), 5.08 (q, J = 6.5 Hz, 1H), 1.47 (d, J = 6.5 Hz, 3H); 13C 
NMR (125 MHZ, CDCl3) δ 141.4, 128.7, 128.3, 126.5, 83.8, 20.1. 
 
1-(4-Chlorophenyl)ethanol (40b)70e (Table 4.10) 
ļǶƬ͖2CEğƧ1-(4-Chlorophenyl)eth-1-yl hydroperoxid (38b) 4 1H NMR Ėɗ5 5.02 ppm (q, J = 6.5 
Hz, 1H) Dʑéʘ˟Ƭ͖ B2CEʘ˟ɫ˄ĳÀĖ̲ 17.8 mg, Rf = 0.2 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz) δ 7.30 (s, 4H), 4.86 (q, J = 6.4 Hz, 1H), 2.06 (brs, 1H), 1.46 (d, J = 6.4 Hz, 3H); 13C NMR (125 
MHz) δ 144.3, 133.0, 128.5, 126.8, 69.7, 25.2. 
 
1-(4-Bromophenyl)ethanol (40c)70e (Table 4.10) 
ļǶƬ͖2CEğƧ1-(4-Bromophenyl)eth-1-yl hydroperoxid (38c) 4 1H NMRĖɗ5 5.01 ppm (q, J = 7.0 
Hz, 1H) Dʑéʘ˟Ƭ͖ B2CEʘ˟ɫ˄ĳÀĖ̲ 28.0 mg, Rf = 0.2 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz) δ 7.46 (d, J = 8.5 Hz, 2H), 7.24 (dd, J = 8.5 Hz, 2H), 4.86 (q, J = 6.4 Hz, 1H), 2.01 (brs, 1H), 1.46 




1-(4-Nitrophenyl)eth-1-yl hydorperoxide (38d)72b (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ɫ˄ĳÀĖɗ 22%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 8.24 (d, J = 8.5 Hz, 2H), 8.02 (s, 1H), 7.55 (d, J = 8.5 Hz, 2H), 5.19 (q, J = 6.6 Hz, 1H), 
1.48 (d, J = 6.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 149.2, 147.7, 127.1, 123.9, 82.7, 20.3.; ʘ˟Ƭ͖ C2C
EèɚĖ̲ 5.6 mg, Rf = 0.1 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 8.21 (d, J = 8.8 Hz, 2H), 
7.55 (d, J = 8.8 Hz, 2H), 5.03 (q, J = 6.5 Hz, 1H), 2.02 (brs, 1H), 1.53 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, 
CDCl3) δ 153.0, 147.2, 126.1, 123.8, 69.5, 25.5. 
 
1-(4-Biphenyl)eth-1-yl hydorperoxide (38e)70e (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ɫ˄ĳÀĖɗ 51%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.86 (brs, 1H), 7.61-7.58 (m, 4H), 7.45-7.42 (m, 4H), 7.37-7.33 (m, 1H), 5.12 (q, J = 6.8 
Hz, 1H), 1.51 (d, J = 6.8 Hz, 3H); 13C NMR (125 MHZ, CDCl3) δ 141.2, 140.7, 140.3, 128.8, 127.4, 127.3, 127.1, 
127.0, 83.5, 20.0.; ʘ˟Ƭ͖ C2CEèɚĖ̲ 15.7 mg, Rf = 0.3 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, 
CDCl3) δ 7.85 (dd, J = 2.5, 7.5 Hz, 4H), 7.43 (t, J = 7.5 Hz, 4H), 7.34 (t, J = 7.5, 1H), 4.94 (q, J = 6.5 Hz, 1H), 1.96 
(brs, 1H), 1.53 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 144.8, 140.8, 140.4, 128.7, 127.2, 127.0, 125.8, 
70.1, 25.1. 
 
1-(2-Bromophenyl)eth-1-yl hydorperoxide (38f)72c (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ͥ˄ȲÀĖɗ 68%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 8.09 (brs, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.51 (dd, J = 1.5, 8.0 Hz, 1H), 7.37 (t, J = 7.5 
Hz, 1H), 7.16 (dt, J = 1.5, 7.5 Hz, 1H), 5.50 (q, J = 6.6 Hz, 1H), 1.42 (d, J = 6.6 Hz, 3H); 13C NMR (125 MHZ, 
CDCl3) δ 141.0, 133.0, 129.2, 127.9, 126.5, 122.6, 82.6, 19.3.; ʘ˟Ƭ͖ C2CEèɚĖ̲ 33.3 mg, Rf = 0.5 
(Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 7.58 (dd, J = 1.5, 8.0 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 
7.33 (t, J = 7.8 Hz, 1H), 7.12 (dt, J = 1.5, 7.8 Hz, 1H), 5.22 (q, J = 6.5 Hz, 1H), 2.23 (brs, 1H), 1.47 (d, J = 6.5 Hz, 
3H); 13C NMR (125 MHz, CDCl3) δ 144.6, 132.6, 128.7, 127.8, 126.6, 121.7, 69.1, 23.5. 
 
1-(2-Methoxyphenyl)eth-1-yl hydorperoxide (38g)70e (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ͥ˄ȲÀĖɗ 52%, Rf = 0.5 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.96 (brs, 1H), 7.41 (dd, J = 1.5, 7.7 Hz, 1H), 7.28 (t, J = 7.7 Hz, 1H), 7.00 (t, J = 7.7 Hz, 
1H), 6.90 (d, J = 7.7 Hz, 1H), 5.55 (q, J = 6.5 Hz, 1H), 3.81 (s, 3H), 1.42 (d, J = 6.5 Hz, 3H); 13C NMR (125 MHz, 
CDCl3) δ 156.8, 129.8, 128.8, 125.9, 120.8, 110.7, 77.8, 55.4, 19.2.; ʘ˟Ƭ͖ C2CEèɚĖ̲ 10.8 mg, Rf 
= 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 7.34 (d, J = 7.5 Hz, 1H), 7.27-7.7.23 (m, 1H), 6.97 (t, 
J = 7.5 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 5.09 (q, J = 6.5 Hz, 1H), 3.86 (s, 3H), 2.67 (brs, 1H), 1.51 (d, J = 6.5 Hz, 




1-Phenylprop-1-yl hydorperoxide (38h)72a (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ɋ˄ȲÀĖɗ 44%, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.74 (brs, 1H), 7.40-7.33 (m, 5H), 4.83 (t, J = 7.2 Hz, 1H), 1.90 (septet, J = 7.2 Hz, 1H), 
1.68 (septet, J = 7.2 Hz, 1H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 140.5, 128.6, 128.2, 126.9, 
89.6, 27.4, 10.2. 
 
2-Methyl-1-phenylprop-1-yl hydorperoxide (38i)72a (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ɋ˄ȲÀĖɗ 50%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.70 (brs, 1H), 7.38 (d, J = 7.0 Hz, 2H), 7.34-7.31 (m, 3H), 4.60 (d, J = 7.0 Hz, 1H), 1.98 
(octet, J = 7.0 Hz, 1H), 1.06 (d, J = 7.0 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 139.7, 
128.4, 128.1, 127.3, 93.6, 32.4, 19.2, 19.0. 
 
Cumene hydorperoxide (38j)72b (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ͥ˄ȲÀĖɗ 79%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.47-7.46 (m, 2H), 7.39-7.36 (m, 3H), 7.31-7.28 (m, 1H), 1.60 (s, 6H); 13C NMR (125 
MHz, CDCl3) δ 144.5, 128.5, 127.4, 125.4, 83.9, 26.0. 
 
1-(2-Naphthyl)eth-1-yl hydorperoxide (38k)72d (Table 4.10) 
ļǶƬ͖2CEğƧʘ˟Ƭ͖ A2CEʘ˟ͥ˄ȲÀĖɗ 42%, Rf = 0.6 (Hexane : EtOAc = 4 : 1), 1H 
NMR (500 MHz, CDCl3) δ 7.88-7.81 (m, 5H), 7.51-7.48 (m, 3H), 5.24 (q, J = 6.6 Hz, 1H), 1.54 (d, J = 6.6 Hz, 3H); 
13C NMR (125 MHz, CDCl3) δ 138.7, 133.3, 133.2, 128.6, 127.9, 127.7, 126.3, 126.1, 125.8, 124.0, 83.9, 20.1.; ʘ
˟Ƭ͖ C2CEèɚĖ̲ 12.8 mg, Rf = 0.4 (Hexane : EtOAc = 4 : 1), 1H NMR (500 MHz, CDCl3) δ 7.82-7.79 
(m, 4H), 7.50-7.44 (m, 3H), 5.05 (q, J = 6.6 Hz, 1H), 2.00 (brs, 1H), 1.57 (d, J = 6.6 Hz, 3H); 13C NMR (125 MHz, 






ļǶƬ͖ͬļ̈ 44 /Û˨Ő (0.1 equiv) 4 0.5 mol/Ḽ̯RjȿȲF5 0.4 mol/Ḽ̯Rj/
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